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Willing is not enough; we must do.”
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Preface

This report is one of a series that relates to the development of
Dietary Reference Intakes. This report focuses on applications of
Dietary Reference Intakes (DRIs) in dietary assessment from the
Subcommittee on Interpretation and Uses of Dietary Reference
Intakes (Uses Subcommittee) of the Standing Committee on the
Scientific Evaluation of Dietary Reference Intakes (DRI Commit-
tee).  A forthcoming report from this Subcommittee will address
applications of DRIs in dietary planning.

The Food and Nutrition Board anticipated that considerable guid-
ance would be needed to assist American and Canadian health pro-
fessionals in the transition from using the former Recommended
Dietary Allowances (RDAs) for the United States and Recommended
Nutrient Intakes (RNIs) for Canada to using the new DRIs, and
thus charged the DRI Committee and the Uses Subcommittee to
develop advice on the appropriate uses of these new references.

In the past, RDAs and RNIs were the primary values that were
available to health professionals for planning and assessing the diets
of individuals and groups. However, the former RDAs and RNIs
were not ideally suited for many of these applications. The new
DRIs represent a more complete set of values that were developed
anticipating diverse uses for planning and/or assessment and thus
allow more robust approaches.  To assist health professionals in
their use of the new DRIs, the Uses Subcommittee divided its work
into two parts:  the current report examines the appropriate use of
each of the available DRI values in assessing nutrient intakes of
groups and of individuals and a second report will present informa-
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tion on the appropriate use of specific DRI values in the planning of
diets for groups and for individuals. Each report will present the
statistical underpinnings for the various uses of the DRI values,
present sample applications, and provide guidelines to help profes-
sionals determine when specific uses are inappropriate.

A probability approach to assessing prevalence of nutrient inade-
quacy in groups was developed and presented—with extensive statisti-
cal validation and identification of sources of error—in the National
Research Council Report, Nutrient Adequacy (NRC, 1986). The avail-
ability of Estimated Average Requirements (EARs), one of the cate-
gories of DRIs, makes the use of the probability approach possible.
A modified approach, using the Estimated Average Requirement
(EAR) as a cutpoint for assessing the prevalence of nutrient inade-
quacy in groups, is presented in this report. The cut-point method,
however, is not a new independent approach;  it is a modification of
the probability approach.  The statistical validation of the EAR cut-
point method to assess prevalence of inadequacy in groups is pre-
sented in this report.

When the initial plan to revise the former RDAs was published
(IOM, 1994), the Food and Nutrition Board envisioned the simulta-
neous establishment of the DRI Committee and two standing sub-
committees, the Subcommittee on Upper Reference Intake Levels
of Nutrients and the Uses Subcommittee. However, circumstances
precluded the early convening of the Uses Subcommittee.  It was
not established until early 1998, after the release of the first two
nutrient reports (IOM, 1997, 1998b).

The Uses Subcommittee, with expertise in nutrition, dietetics,
statistics, nutritional epidemiology, public health, economics, and
consumer perspectives, was charged to review the scientific litera-
ture regarding the uses of dietary reference standards and their
applications, and to provide guidance for (1) the appropriate appli-
cation of DRIs for specific purposes and identification of inappro-
priate applications, (2) appropriate assumptions regarding intake
and requirement distributions, (3) adjustments needed to minimize
potential errors in dietary intake data, and (4) appropriate use of
DRI values of specific nutrients. Starting with the report of the Panel
on Dietary Antioxidants and Related Compounds, this specific guid-
ance will be found in the nutrient reports.

This report reflects the work of the Food and Nutrition Board’s
DRI Committee, the Uses Subcommittee, and the Subcommittee
on Upper Reference Levels of Nutrients. The support of the gov-
ernment of Canada and Canadian scientists in establishing the Uses
Subcommittee represents a pioneering first step in the standardiza-
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tion of nutrient reference intakes in North America. A brief
description of the overall DRI project is given in Appendix A.

This report has been reviewed by individuals chosen for their
diverse perspectives and technical expertise, in accordance with pro-
cedures approved by the National Research Council’s Report Review
Committee. The purpose of this independent review was to provide
candid and critical comments to assist the authors and the Institute
of Medicine in making the published report as sound as possible
and to ensure that the report meets institutional standards for
objectivity, evidence, and responsiveness to the study charge. The
contents of the review comments and draft manuscript remain con-
fidential to protect the integrity of the deliberative process.

We wish to thank the following individuals for their participation
in the review of this report: Cynthia M. Beall, Ph.D., Case Western
Reserve University; William H. Danforth, M.D., Washington Univer-
sity; Mary J. Kretsch, Ph.D., RD, U.S. Department of Agriculture;
George P. McCabe, Ph.D., Purdue University; Grace L. Ostenso,
Ph.D., Washington, D.C.; Eric B. Rimm, Sc.D., Harvard School of
Public Health; Christopher P. Sempos. Ph.D., State University of
New York; Helen Smiciklas-Wright, Ph.D., RD, Pennsylvania State
University; Paul D. Stolley, M.D., MPH, University of Maryland at
Baltimore; and Valerie Tarasuk, Ph.D., University of Toronto.

Although the individuals listed above provided many constructive
comments and suggestions, responsibility for the final content of
this report rests solely with the authoring committee and the Insti-
tute of Medicine.

The DRI Committee wishes to acknowledge, in particular, the
commitment and dedication shown by Suzanne P. Murphy, chair of
the Uses Subcommittee.  Dr. Murphy’s expertise and direction were
key to the resolution of controversial issues and to the presentation
of technically complex information and its statistical basis in a clear
and readily understandable manner.  Sincere thanks are also extended
to George H. Beaton for his willingness to participate as a technical
consultant to the Uses Subcommittee. His provocative comments
and assistance provided an important impetus to move the concep-
tual framework, while still in development and far from complete,
forward.  Not all issues have been resolved, but the foundation has
been initiated.  We also extend special thanks to the staff of the
Food and Nutrition Board and especially to Mary Poos, study director
for the Uses Subcommittee, for her many contributions to the
synthesis of the report. We recognize the significant efforts of the
Subcommittee and the Food and Nutrition Board staff that were
required to achieve the completion of this report.  It is, of course,
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the Food and Nutrition Board staff who get much of the work com-
pleted, so on behalf of the DRI Committee and the Board, we wish
to thank Allison Yates, Director of the Food and Nutrition Board
and study director for the DRI activity, for her continued oversight,
and also recognize, with appreciation, the contributions of Michele
Ramsey, Alice Vorosmarti, Karah Nazor, Sandra Schlicker, and Gail
Spears. We wish also to thank Carol Suitor for scientific and organi-
zational review, Judith Dickson for editing the manuscript, and Mike
Edington and Claudia Carl for assistance with its publication.

Vernon Young
Chair, Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes

Cutberto Garza
Chair, Food and Nutrition Board
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1

Summary

This report is one of a series designed to provide guidance on the
interpretation and uses of Dietary Reference Intakes (DRIs). The
term Dietary Reference Intakes is relatively new to the field of nutrition
and refers to a set of four nutrient-based reference values that can
be used for assessing and planning diets and for many other pur-
poses. Specifically, this report provides guidance to nutrition and
health professionals for applications of the DRIs in dietary assess-
ment of individuals and groups. It also demonstrates that these uses
of the DRIs are based on what is reasonable from a statistical as well
as nutritional point of view. The report encourages nutritional eval-
uation from a quantitative perspective and in this regard follows the
1986 National Research Council report on nutrient adequacy by pro-
viding the theoretical underpinnings of the various methods dis-
cussed. The report emphasizes that dietary assessment of either
groups or individuals must be based on an estimate of usual (long-
term) intake. In a departure from many of the more traditional
analyses, the use of standard deviations to estimate uncertainty is em-
phasized. It is hoped that this use of standard deviations of esti-
mates of usual intake, nutrient inadequacy, nutrient requirements,
or any other parameter of interest will become the norm in nutri-
tional analyses.

Throughout this report the Subcommittee on Interpretation and
Uses of Dietary Reference Intakes distinguishes between methods
of evaluating the nutrient intakes of individuals (Chapter 3), and
methods for evaluating the intakes of groups (Chapters 4–7), as
these are two very different applications. A subsequent report will
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2 DIETARY REFERENCE INTAKES

address appropriate uses of the DRIs for planning diets of groups
and individuals.

THE CONCEPT OF DIETARY REFERENCE STANDARDS

In 1941, the Food and Nutrition Board first proposed the Recom-
mended Dietary Allowance (RDA) for the U.S. population “to serve
as a goal for good nutrition and as a ‘yardstick’ by which to measure
progress toward that goal...” (NRC, 1941, p. 1). Even today, the
many specific uses and applications of dietary reference standards
fall into the two general categories defined implicitly in 1941: diet
assessment and planning. Diet assessment applications involve deter-
mining the probable adequacy or inadequacy of observed intakes (a
yardstick by which to measure progress). Diet planning applications
involve using dietary reference standards to develop recommenda-
tions for what food intakes should be (as a goal for good nutrition).
Obviously, these two general applications are interrelated.

The first dietary standards in Canada were issued by the Canadian
Council on Nutrition in 1938. At the time it was stated that the
standards were to be used as the basis for evaluating observed diets.
In 1942, rather than revise the 1938 standards, the Canadian Council
on Nutrition recommended that the 1941 RDAs be applied in Canada.
However, by 1945 differences in the approach of the Canadian Daily
Recommended Nutrient Intakes (DRNIs) and U.S. standards had
become evident. The differences were conceptual and related to
the application of the standards to individuals versus application to
groups.

The most recent versions of the Canadian (now shortened to Rec-
ommended Nutrient Intakes [RNIs]) (Health and Welfare Canada,
1990) and U.S. (NRC, 1989) standards did not differ in the described
derivations of the recommended intakes but some differences
remained in how intended uses were described.

WHAT ARE DIETARY REFERENCE INTAKES?

The new Dietary Reference Intakes (DRIs) differ from the former
Recommended Dietary Allowances (RDAs) and Recommended
Nutrient Intakes (RNIs) conceptually. These differences are that:
(1) where specific data on safety and efficacy exist, reduction in the
risk of chronic degenerative disease is included in the formulation
of the recommendation rather than just the absence of signs of
deficiency; (2) upper levels of intake are established where data
exist regarding risk of adverse health effects; and (3) components
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SUMMARY 3

of food that may not meet the traditional concept of a nutrient but
are of possible benefit to health will be reviewed, and if sufficient
data exist, reference intakes will be established.

Where adequate information is available, each nutrient has a set
of DRIs. A nutrient has either an Estimated Average Requirement
(EAR) and an RDA, or an Adequate Intake (AI). When an EAR for
the nutrient cannot be determined (and therefore, neither can the
RDA), then an AI is set for the nutrient. In addition, many nutrients
have a Tolerable Upper Intake Level (UL). A brief definition of
each of the DRIs is presented in Box S-1.

Like the former RDAs and RNIs, each DRI refers to the average
daily nutrient intake of apparently healthy individuals over time.
The amount of intake may vary substantially from day to day with-
out ill effect in most cases.

The chosen criterion of nutritional adequacy or adverse effect on
which the DRI is based is different for each nutrient and is identi-
fied in the DRI nutrient reports. In some cases the criterion for a
nutrient may differ for individuals at different life stages. In develop-
ing recommendations, emphasis is placed on the reasons underlying
the particular criterion of adequacy used to establish the require-
ment for each nutrient. This requirement is typically presented as a
single number for various life stage and gender groups rather than
as multiple endpoints even if the criterion of adequacy for the end-

Box S-1  Dietary Reference Intakes

Estimated Average Requirement (EAR): the average daily nutrient intake level
estimated to meet the requirement of half the healthy individuals in a partic-
ular life stage and gender group.

Recommended Dietary Allowance (RDA): the average daily nutrient intake level
sufficient to meet the nutrient requirement of nearly all (97 to 98 percent)
healthy individuals in a particular life stage and gender group.

Adequate Intake (AI): a recommended average daily nutrient intake level based
on observed or experimentally determined approximations or estimates of
nutrient intake by a group (or groups) of apparently healthy people that are
assumed to be adequate—used when an RDA cannot be determined.

Tolerable Upper Intake Level (UL): the highest average daily nutrient intake
level likely to pose no risk of adverse health effects to almost all individuals
in the general population. As intake increases above the UL, the potential
risk of adverse effects increases.
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4 DIETARY REFERENCE INTAKES

point differs. A more detailed discussion of the origin and frame-
work of the DRIs is presented in Appendix A. Recommended
intakes for the nutrients examined to date are presented at the end
of this book.

The introduction of multiple dietary reference intakes—the EAR,
RDA, AI, and UL—requires that applications for each be carefully
developed and clearly explained. Box S-2 provides a brief introduc-
tion to appropriate uses of the DRIs for assessment, but it lacks the
detail needed for their application (see Chapters 3–7).

Various professionals applying the former RDAs and RNIs—nutri-
tion researchers, policy makers, nutrition educators, epidemiologists,
and many others—may need guidance in using and interpreting

Box S-2  Uses of DRIs for Assessing Intakes of Individuals and Groups

For an Individual For a Group

EAR: use to examine the EAR: use to estimate the prevalence
probability that usual intake of inadequate intakes within a
is inadequate. group.

RDA: usual intake at or above RDA: do not use to assess intakes of
this level has a low probability groups.
of inadequacy.

AI: usual intake at or above this AI: mean usual intake at or above
level has a low probability of this level implies a low prevalence
inadequacy. of inadequate intakes.a

UL: usual intake above this level UL: use to estimate the percentage
may place an individual at risk of the population at potential risk
of adverse effects from excessive of adverse effects from excessive
nutrient intake. nutrient intake.

EAR = Estimated Average Requirement
RDA = Recommended Dietary Allowance
AI = Adequate Intake
UL = Tolerable Upper Intake Level

aWhen the AI for a nutrient is not based on mean intakes of healthy popu-
lations, this assessment is made with less confidence.
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the new DRI values. This report is aimed at meeting this need as
well as providing the theoretical background and statistical justifica-
tion for application of the DRIs in the area of dietary assessment.

USING DRIS TO ASSESS NUTRIENT INTAKES
OF INDIVIDUALS

It can be appropriate to compare intakes of individuals with spe-
cific Dietary Reference Intakes (DRIs), even though dietary intake
data alone cannot be used to ascertain an individual’s nutritional
status. Dietary assessment is one component of a nutritional status
assessment, provided that accurate dietary intake data are collected,
the correct DRI is selected for the assessment, and the results are
interpreted appropriately. Ideally, intake data are combined with
clinical, biochemical, and anthropometric information to provide a
valid assessment of an individual’s nutritional status.

Using the EAR to Assess Individuals

Assessing individual diets for apparent nutrient adequacy addresses
the following question, Given an individual’s observed intakes on a
small number of days, is that individual’s usual nutrient intake ade-
quate or not? Comparing an individual’s intake to his or her require-
ment for a nutrient is difficult because: (1) a given individual’s actual
requirement is not known; and (2) it is seldom possible to measure an
individual’s long-term usual intake of the nutrient due to day-to-day
variation in intake and intake measurement errors. Theoretically,
the probability of inadequacy can be calculated for an individual’s
usual nutrient intake using the EAR and standard deviation of
requirement. However, since an individual’s usual intake is almost
never known, a statistical approach is suggested in Chapter 3 and
Appendix B that allows an evaluation of observed intake and an esti-
mation of the confidence one has that usual intake is above (or
below) an individual’s requirement, based on the observed intake.
This approach is based on the following assumptions:

• The Estimated Average Requirement (EAR) is the best estimate
of an individual’s requirement.

• There is person-to-person variation in the requirement. The
standard deviation of the requirement is an indicator of how much
the individual’s requirement for a nutrient can deviate from the
median requirement (EAR) in the population.

• Mean observed intake of an individual is the best estimate of an
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6 DIETARY REFERENCE INTAKES

individual’s usual intake.
• There is day-to-day variation in intake for an individual. The

within-person standard deviation of intakes is an indicator of how
much observed intake may deviate from usual intake.

Inferences about the adequacy of an individual’s diet can be made
by looking at the difference between observed intake and the median
requirement. If this difference is large and positive, that is, if
observed intake is much greater than the median requirement, then
it is likely that an individual’s intake is adequate. Conversely, if the
difference is large and negative, that is, observed intake is much less
than the median requirement, then it is likely that an individual’s
intake is not adequate. In between there is considerable uncertainty
about the adequacy of the individual’s intake.

For practical purposes, many users of the DRIs may find it useful
to consider that observed intakes below the EAR very likely need to
be improved (because the probability of adequacy is 50 percent or
less), and those between the EAR and the Recommended Dietary
Allowance (RDA) probably need to be improved (because the prob-
ability of adequacy is less than 97 to 98 percent). Only if intakes
have been observed for a large number of days and are at or above
the RDA, or observed intakes for fewer days are well above the RDA,
should one have a high level of confidence that the intake is ade-
quate. It is hoped that computer software will be developed that will
determine these probabilities (as described in Appendix B), thus
offering more objective alternatives when individual intakes are eval-
uated.

Using the AI to Assess Individuals

Some nutrients have an Adequate Intake (AI) because the evi-
dence was not sufficient to establish an EAR and thus an RDA for
the nutrient in question. The approach described above for the
EAR cannot be used for nutrients that have an AI. However, a statis-
tically based hypothesis testing procedure for comparing observed
intake to the AI may be used. This is a simple z-test, which is con-
structed using the standard deviation of daily intake of the nutrient.

What conclusions can be drawn about the adequacy of individual
intakes for nutrients with AIs? First, if an individual’s usual intake
equals or exceeds the AI, it can be concluded that the diet is almost
certainly adequate. If, however, their intake falls below the AI, no
quantitative (or qualitative) estimate can be made of the probability
of nutrient inadequacy. Professional judgment, based on additional
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types of information about the individual, should be exercised when
interpreting intakes below the AI.

Using the UL to Assess Individuals

Assessing individual diets for risk of adverse effects from excessive
intake addresses the question, Given an individual’s observed intake
on a small number of days, is that individual’s usual nutrient intake
so high that it poses a risk of adverse health effects? The answer is
obtained by comparing usual intake to the Tolerable Upper Intake
Level (UL). A hypothesis test similar to the one proposed above for
the AI can be used to decide whether usual intake is below the UL.
For some nutrients, the intake to be considered is from supple-
ments, fortificants, and medications only, while for other nutrients
one may need to consider intake from food as well.

The UL is set at the highest level that is likely to pose no risk of
adverse health effects for almost all individuals in the general popu-
lation, including sensitive individuals; but it is not possible to know
who is most sensitive. If usual intake exceeds the UL, it may pose a
risk for some healthy individuals. The consequences of nutrient
excess are much more severe for some nutrients than for others,
and for some nutrients the consequences may be irreversible.

The Bottom Line: Assessing Individual Diets

In all cases the individual’s true requirement and usual intake can
only be approximated. Thus, assessment of dietary adequacy for an
individual is imprecise and must be interpreted cautiously in com-
bination with other types of information about the individual.

USING DRIS TO ASSESS NUTRIENT INTAKES OF GROUPS

What proportion of the group has a usual intake of a nutrient that
is less than their requirement for the same nutrient? This is one of
the most basic questions that can be asked about nutritional needs
of a group, and is critically important from a public health perspec-
tive. Clearly, the implications are different if 30 versus 3 percent of
individuals are estimated to be inadequate. Another basic question
is, What proportion of the group has a usual intake of a nutrient so
high that it places them at risk of adverse health effects?

The assessment of intake of groups requires obtaining accurate
data on intake, selecting the appropriate Dietary Reference Intakes
(DRIs), adjusting intake distributions for within-person variability
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8 DIETARY REFERENCE INTAKES

and survey-related effects, and interpreting the results appropriately.
Assessment of groups for the adequacy of intake also involves choos-
ing between two methods: (1) the probability approach or (2) the
Estimated Average Requirement (EAR) cut-point method. Both are
presented in detail in Chapter 4.

Individuals in a group vary both in the amounts of a nutrient they
consume and in their requirements for the nutrient. If information
were available on both the usual intakes and the requirements of all
individuals in a group, determining the proportion of the group
with intakes less than their requirements would be straightforward.
One would simply observe how many individuals had inadequate
intakes. Unfortunately, collecting such data is impractical. There-
fore, rather than actually observing prevalence of inadequate
intakes in the group, it can only be approximated by using other
methods.

Using the EAR to Assess Groups

Regardless of the method chosen to actually estimate the preva-
lence of inadequacy, the EAR is the appropriate DRI to use when
assessing the adequacy of group intakes. To demonstrate the pivotal
importance of the EAR in assessing groups, the probability approach
and the EAR cut-point method are described briefly below.

The Probability Approach

The probability approach is a statistical method that combines
the distributions of requirements and intakes in the group to pro-
duce an estimate of the expected proportion of individuals at risk
for inadequacy (NRC, 1986). For this method to perform well, little
or no correlation should exist between intakes and requirements in
the group. The concept is simple: at very low intakes the risk of
inadequacy is high, whereas at very high intakes the risk of inade-
quacy is negligible. In fact, with information about the distribution
of requirements in the group (median, variance, and shape), a value
for risk of inadequacy can be attached to each intake level. Because
there is a range of usual intakes in a group, the prevalence of inad-
equacy—the average group risk—is estimated as the weighted aver-
age of the risks at each possible intake level. Thus, the probability
approach combines the two distributions: the requirement distribu-
tion which provides the risk of inadequacy at each intake level, and
the usual intake distribution which provides the intake levels for the
group and the frequency of each.
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To compute the risk to attach to each intake level, one needs to
know the EAR (the median) of the requirement distribution as well
as its variance and its shape. Without an EAR, the probability
approach cannot be used to estimate the prevalence of inadequacy.

The EAR Cut-Point Method

With some additional assumptions, a simpler version of the prob-
ability approach can be applied with essentially the same success.
The EAR cut-point method can be used if no correlation exists
between intakes and requirements (as in the probability approach
above), if the distribution of requirements can be assumed to be
symmetrical around the EAR, and if the variance of intakes is greater
than the variance of requirements. Table S-1 indicates whether these
conditions have been met for nutrients for which DRIs have been
determined at the time of publication.

The EAR cut-point method is simpler because rather than esti-
mating the risk of inadequacy for each individual’s intake level, one
simply counts how many individuals in the group of interest have
usual intakes that are below the EAR. That proportion is the esti-
mate of the proportion of individuals in the group with inadequate
intakes. (For a theoretical justification of this simplified cut-point
method, see Chapter 4 or Appendixes C and D.)

Adjusting Intake Distributions

Regardless of the method chosen to assess prevalence of inade-
quate nutrient intakes in a group of individuals, information is
required about the distribution of usual intakes of the nutrient in
the group. The distribution of those usual intakes in the group is
referred to as the usual intake distribution or the adjusted intake distribu-
tion. Adjustments to the distribution of observed intakes are needed to
partially remove the day-to-day variability in intakes (within-person
variation). The resulting estimated usual intake distribution of a
dietary component should then better reflect the individual-to-
individual variation of intakes of that component within the group.

Usual intake distributions can be estimated by statistically adjust-
ing the distribution of intake of each individual in the group. This
general approach was proposed by NRC (1986) and was further
developed by Nusser et al. (1996). To adjust intake distributions, it
is necessary to have at least two independent days of dietary intake
data for a representative subsample of individuals in the group (or
at least three days when data are collected over consecutive days).
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10 DIETARY REFERENCE INTAKES

TABLE S-1 Summary of Dietary Reference Intakes (DRIs) for
Nutrients and Assumptions Necessary to Apply the Estimated
Average Requirement (EAR) Cut-Point Method for Assessing
the Prevalence of Inadequacy for Groups

Established DRIsa

Nutrient EAR RDA AI UL

Magnesium + + +
Phosphorus + + +
Selenium + + +
Thiamin + +
Riboflavin + +
Niacin + + +
Vitamin B6 + + +
Folate + + +
Vitamin B12 + +
Vitamin C + + +
Vitamin E + + +
Calcium + +
Fluoride + +
Biotin +
Choline + +
Vitamin D + +
Pantothenic Acid +

a RDA = Recommended Dietary Allowance; AI = Adequate Intake, cannot be used with
the cut-point method; UL = Tolerable Upper Intake Level.
b Due to little information on the variance of requirements, published DRIs have as-
sumed a coefficient of variation (CV) of 10 percent unless data for a specific nutrient
demonstrate a greater variability. Variance of intake, as calculated from the 1994–1996

If intake distributions are not properly adjusted both for within-
person variation and survey-related effects such as interview method
and interview sequence, the prevalence of nutrient inadequacy will
be incorrectly estimated no matter which of the methods discussed
earlier is chosen. If only one day of intake data is available for each
individual in the sample, it may still be possible to adjust the observed
intake distribution by using an estimate of within-person variation
in intakes estimated from other data sets.
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Meets the Assumptions of the Cut-Point Method

Variance of Intake and Coefficient of
Intake is Requirement Variance of the
Greater than Requirement Independent Requirement
Variance of Distributions or Have Low Estimated

Requirementb Symmetricalc Correlation (%)

Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 15
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10

Continuing Survey of Food Intake by Individuals, indicates that for all nutrients intake
variance is well above the assumed requirement variance.
c Data to determine the shape of requirement distributions are lacking for most nutrients;
therefore, symmetry is assumed unless there are adequate data indicating otherwise.
d The CV of the requirement estimate is needed for the probability approach.

Using the RDA Is Inappropriate for Assessing Groups

The Recommended Dietary Allowance (RDA), by definition, is
an intake level that exceeds the requirements of 97 to 98 percent of
all individuals when requirements in the group have a normal dis-
tribution. Thus, the RDA should not be used as a cut-point for
assessing nutrient intakes of groups because a serious overestima-
tion of the proportion of the group at risk of inadequacy would
result.
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Using the Mean Intake Is Inappropriate for Assessing Groups

Mean or median intake seldom, if ever, can be used to assess
nutrient adequacy of group diets. In the past, nutrient intake data
have frequently been evaluated by comparing mean intakes with
RDAs. In particular, studies that found mean intakes equal to or
exceeding the RDA often concluded that group diets were adequate
and conformed to recognized nutritional standards. However, this
is inappropriate because the prevalence of inadequacy depends on
the shape and variation of the usual intake distribution, not on
mean intake. Indeed, for most nutrients, group mean intake must
exceed the RDA for there to be an acceptably low prevalence of
inadequate intakes. Moreover, the greater the variability in usual
intake relative to the variability in requirement, the greater the
mean usual intake must be relative to the RDA to ensure that only a
small proportion of the group has inadequate intake. If group mean
intake equals the RDA, there will be a substantial proportion of the
group with usual intake less than requirement. Chapter 4 provides
more detail on issues related to comparing mean intakes to the
DRIs. Even stronger caution is needed when comparing group mean
intakes with the EAR. If mean intake equals the EAR, it is likely that
a very high proportion of the population will have inadequate usual
intake. In fact, roughly half of the population is expected to have
intakes less than their requirement (except for energy).

Using the AI to Assess Groups

When the AI represents the group mean intake of an apparently
healthy group (or groups) of people, similar groups with mean
intakes at or above the AI can be assumed to have a low prevalence
of inadequate intakes for the defined criteria of nutritional status.
For AIs that were either experimentally derived or developed from
a combination of experimental and intake data, a similar assess-
ment can be made, but with less confidence. Each AI is described in
terms of its derivation and selected criterion of adequacy in the
individual nutrient panel reports (IOM, 1997, 1998b, 2000). When
mean intakes of groups are below the AI it is not possible to make
any assumptions about the extent of intake inadequacy. It is not
appropriate to try to estimate an EAR from an AI.
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Using the UL to Assess Groups

The Tolerable Upper Intake Level (UL) is the appropriate DRI to
use to assess the risk of adverse health effects from excessive nutri-
ent intake. As intake increases above the UL, the potential for risk
of adverse health effects increases.

Depending on the nutrient, the UL assessment requires accurate
information on usual daily intake from all sources, or from supple-
ments, fortificants, and medications only. Usual intake distributions
will allow determination of the fraction of the population exceed-
ing the UL. This fraction may be at risk of adverse health effects.

Difficulties arise in attempts to quantify the risk (likelihood) of
adverse health effects in the general population from daily nutrient
intakes exceeding the UL. The use of uncertainty factors to arrive at
the UL reflects inaccuracies in reported nutrient intake data,
uncertainties in the dose-response data on adverse health effects,
extrapolation of data from animal experiments, severity of the
adverse effect, and variation in individual susceptibility. As more
accurate data from human studies become available, predicting the
magnitude of the risk associated with intakes exceeding the UL may
become possible. For now it is advisable to use the UL as a cutoff for
safe intake.

Applications in Group Assessment

The evaluation of dietary survey data merits special attention. This
includes three major components: describing the dietary survey
data, estimating the prevalence of inadequate or excessive intake,
and evaluating differences among subgroups in intake. These appli-
cations are discussed in Chapter 7 and summarized in Table S-2.

Bottom Line: Assessing Group Intakes

Dietary assessment at the group level typically involves comparing
usual nutrient intakes with nutrient requirements to assess the
prevalence of nutrient inadequacy. The preferred outcome mea-
sure used to assess the prevalence of inadequate nutrient intake is
the percentage of a group with usual intake less than the EAR. For
nutrients with an AI, the best that can be done is to look at mean
and median intake relative to the AI. However, when mean intakes
of groups are less than the AI, nothing can be inferred about the
prevalence of inadequacy. To estimate the proportion of the popu-
lation at risk of excessive intake, the outcome measure is the per-
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TABLE S-2  Applications: Evaluating Dietary Survey Data

Measures Nutrients

What are the characteristics of the distribution of usual nutrient intake?

Mean usual nutrient intake All nutrients under consideration
Median usual nutrient intake
Percentiles of usual nutrient intake

distribution

What proportion of the population has inadequate usual nutrient intake?

Percentage with usual intake less than Vitamins: thiamin, riboflavin, niacin,
the Estimated Average Requirement B6, folate, B12, C, and E
(EAR) Elements: phosphorus, magnesium,

selenium

What proportion of the population is at potential risk of adverse effects?

Percentage with usual intake greater Vitamins: niacin, B6, folate, choline,
than the Tolerable Upper Intake C, D, and E
Level (UL) Elements: calcium, phosphorus,

magnesium, fluoride, selenium

Are there differences in nutrient intakes and differences in nutrient adequacy for
different subgroups of the population?

Mean usual nutrient intake for All nutrients under consideration
subgroups

Median usual nutrient intake for
subgroups

Percentiles of the usual nutrient
intake distribution for subgroups

Percentage with usual intake less Vitamins: thiamin, riboflavin, niacin,
than the EAR for subgroups B6, folate, B12, C, and E

Elements: phosphorus, magnesium,
selenium

Percentage with usual intake Vitamins: niacin, B6, folate, choline,
greater than the UL for subgroups  C, D, and E

Elements: calcium, phosphorus,
magnesium, fluoride, selenium
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Comments

Mean nutrient intake should not be used to assess nutrient adequacy

This measure is not appropriate for food energy, given the correlation between
intake and requirement

This measure is not appropriate for calcium, vitamin D, pantothenic acid, biotin,
and choline, since they currently do not have an EAR

There currently is no UL for thiamin, riboflavin, vitamin B12, pantothenic acid,
and biotin, thus no conclusion can be drawn regarding potential risk of
adverse effects.

Conduct multiple regression analyses of nutrient intakes; compare regression-
adjusted mean intake for the different subgroups

Regression-adjusted mean nutrient intake should not be used to assess nutrient
adequacy

Statistical tests of significance can be used to determine if the differences across
subgroups in percentages less than the EAR are statistically significant

This measure is not appropriate for food energy, given the correlation between
intake and requirement

This measure is not appropriate for calcium, vitamin D, fluoride, pantothenic
acid, biotin, and choline, since they currently do not have an EAR

Statistical tests of significance can be used to determine if the differences across
subgroups in percentages greater than the UL are statistically significant

This measure is not appropriate for nutrients for which a UL has not been set
(thiamin, riboflavin, vitamin B12, pantothenic acid, and biotin)
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centage of the population or group with usual intakes exceeding
the UL.

MINIMIZING POTENTIAL ERRORS IN ASSESSING INTAKES

Users of the Dietary Reference Intakes (DRIs) have many oppor-
tunities to increase the accuracy of dietary assessments by ensuring
that the dietary data are complete, portions are correctly specified,
and food composition data are accurate, and by selecting appropri-
ate methodologies and plans for sampling group intakes.

When assessing the dietary adequacy of populations, having accu-
rate information on the distribution of usual (habitual) intakes
based on accurate and quantitative food intake information for each
individual is necessary. Thus, the use of semi-quantitative food-
frequency questionnaires is seldom appropriate for assessing the
adequacy of dietary intake of groups.

Physiological measures are helpful when assessing the dietary status
of individuals or of groups of people. They can be used to supple-
ment or confirm estimates of inadequacy based on dietary data.

Despite the occurrence of unavoidable errors, it is worthwhile to
compare high-quality intake data with accurate requirement data
for assessing intakes. At a minimum, such a comparison identifies
nutrients likely to be either under- or overconsumed by the individ-
ual or the group of interest.

RECOMMENDATIONS FOR RESEARCH TO ENHANCE
USE OF THE DRIS

In several parts of this report, only some very general guidelines
for applying the Dietary Reference Intakes (DRIs) in dietary assess-
ment are provided. It became clear during development of the
report that much research is still needed in this area. By highlight-
ing these areas, it is hoped that there will be a greater chance that
research on these topics will be undertaken.

The topics given below are not necessarily in order of priority.
Increased knowledge in any of the areas listed would be beneficial
in enhancing use of the DRIs for dietary assessment.

Research to Improve Estimates of Nutrient Requirements

Even for nutrients for which an Estimated Average Requirement
(EAR) is available, the EARs and Recommended Dietary Allowances
(RDAs) are often based on just a few experiments with very small
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SUMMARY 17

sample sizes. For nutrients with an Adequate Intake (AI) for age
groups older than infants, new research and data that allow replace-
ment of the AIs with EARs and RDAs will greatly aid the assessment
of nutrient adequacy. In addition, information on the distribution
of requirements is needed so that the appropriate method for assess-
ing the prevalence of inadequacy for groups can be determined
(EAR cut-point method vs. full probability approach).

Research should be undertaken to allow Tolerable Upper Intake
Levels (ULs) to be set for all nutrients and to generate information
on ways to identify and conceptualize the risk of exceeding the UL.

Research to Improve the Quality of Dietary Intake Data

The estimation and amelioration of bias (such as under- or over-
reporting of food intake) is a relatively unexplored field. Efforts in
the management of bias during data analysis are very preliminary
and far from satisfactory at present. This is seen as a high priority
area waiting for new initiatives and innovative approaches.

Advances in behavioral research to determine why people under-
report food intake would allow development of improved dietary
data collection tools that would not trigger this behavior. Such infor-
mation would also help in the derivation of statistical tools to cor-
rect the bias associated with this phenomenon.

Better ways to quantify the intake of supplements are needed. A
large proportion of the population in the United States and Canada
consumes dietary supplements. Using intakes only from food sources
in dietary assessment is certain to result in a faulty estimate of nutri-
ent inadequacy, as well as inaccurate estimates of the percentage of
the population with intakes above the UL.

Food composition databases will need to be updated to include
the forms and units that are specified by the DRIs. Chemical meth-
odology to facilitate analysis of various forms of certain nutrients
(e.g., α-tocopherol vs. γ-tocopherol) may be required for compari-
son to the DRIs.

Research to Improve Statistical Methods for
Using DRIs to Assess Intakes of Groups

Methods for developing standard errors for prevalence estimates
should be investigated. Some sources of variance (primarily associ-
ated with intake data) can currently be quantified but many (such
as those associated with requirement estimates) cannot. Without a
standard error estimate, it is not possible to determine if an esti-
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18 DIETARY REFERENCE INTAKES

mated prevalence of X percent is significantly different from zero
or if prevalence estimates for two groups of individuals differ signif-
icantly from each other or from zero.

Additional research is needed for applications that assess the
nutrient intakes of different subgroups of the population. In partic-
ular, further research is needed to apply the methods included in
this report to estimate differences in the prevalence of inadequacy
between subgroups after controlling for other factors that affect
nutrient intake.

Ways to assess the performance of methods to estimate preva-
lence of inadequacy should be investigated. A detailed investigation
of the effect of violating assumptions for the EAR cut-point method
discussed in this report is a high research priority. This would best
be done using well-designed, well-planned, and well-implemented
simulation studies. Results of such studies would permit identifica-
tion of recommendations as to the best approach to be used in
assessments for each nutrient and would provide an estimate of the
expected bias in prevalence estimates when the conditions for appli-
cation of the cut-point method are not ideal.
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I
Historical Perspective

and Background

Part I presents an overview of the report and information on the
evolution of dietary reference standards.

Chapter 1 outlines the purpose of this report and provides an
introduction to Dietary Reference Intakes (DRIs), a set of four
nutrient-based reference values, each of which has special uses.

A discussion of the concept of using dietary reference standards
along with the identification of their past uses (specifically the
former Recommended Dietary Allowances [RDAs] and Recom-
mended Nutrient Intakes [RNIs]) is detailed in Chapter 2.
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1
Introduction and Background

The purpose of this report—one of a series resulting from a com-
prehensive effort initiated by the Institute of Medicine’s Food and
Nutrition Board to expand the approach to the development of
dietary reference standards—is to assist nutrition and health
researchers and other professional users of dietary reference stan-
dards in the transition from using the former Recommended
Dietary Allowances (RDAs) and Canadian Recommended Nutrient
Intakes (RNIs) to using all of the new Dietary Reference Intakes
(DRIs) appropriately (a detailed discussion of the origin and frame-
work for development of the DRIs is presented in Appendix A).
This report reviews the scientific literature regarding the uses of
dietary reference standards and their applications, and provides
guidance on the application of DRIs to assess the nutrient intakes
of groups and individuals. Application of DRIs in planning diets of
groups and individuals will be presented in a subsequent report.

PURPOSE OF THE REPORT

This report focuses on application of the DRIs in dietary assessment
and is meant as both a “how to” manual and a “why” manual. In this
light, specific examples of both appropriate and inappropriate uses
of the DRIs in assessing the nutrient adequacy of intakes for groups
and for individuals are included. The statistical background that
justifies the use of DRIs as described in this report is also included.
The detailed statistical approaches for the methods described here
have been grouped into appendixes; the text in the main body of
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22 DIETARY REFERENCE INTAKES

the report is precise, but should not require extensive background
in statistics to be useful.

An important consideration in the application of the DRIs in both
assessment and planning is that a nutrient requirement is defined
as the lowest continuing intake level of a nutrient that will maintain
a defined level of nutriture in an individual. The criterion of nutri-
tional adequacy on which requirements are based differs among
nutrients, and may also differ for a given nutrient depending on
the life stage of individuals. The criterion used, the rationale for its
selection, and any functional indicators are described in depth in
each of the nutrient reports in this series (IOM, 1997, 1998b, 2000).
The criterion or criteria chosen for a specific nutrient is for the
healthy U.S. and Canadian populations and may not be the most
appropriate criterion for other populations. This has important
implications for those using the DRIs in assessment or planning.
For example, agreement between assessment of dietary intake and
assessment of nutritional status cannot be expected if the criterion
used to determine the requirement and the criterion used in clini-
cal and biochemical examination for other purposes are not the
same.

For the DRIs published at the time this report went to press, the
requirement for each nutrient is presented as a single reference
intake (amount) for various life stage and gender groups rather
than as multiple endpoints. This approach differs from that of the
joint World Health Organization and Food and Agriculture Organi-
zation Expert Consultation on requirements of vitamin A, iron,
folate, and vitamin B12 (FAO/WHO, 1988), which recommended
both a basal requirement (the amount of nutrient needed to pre-
vent clinically detectable impairment of function) and a normative
storage requirement (the amount of nutrient needed to maintain a
desirable level in tissues). The single endpoints established for DRIs
currently available are more in keeping with a normative storage
requirement than a basal requirement.

WHAT ARE DRIS?

Dietary Reference Intakes (DRIs) are relatively new to the field of
nutrition. The DRIs are a set of at least four nutrient-based refer-
ence values that can be used for planning and assessing diets and
for many other purposes. They are meant to replace the former
Recommended Dietary Allowances (RDAs) in the United States and
Recommended Nutrient Intakes (RNIs) in Canada. The DRIs differ
from the former RDAs and RNIs in that (1) where specific data on
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safety and efficacy exist, reduction in the risk of chronic degenera-
tive disease—rather than just the absence of signs of deficiency—is
included in the formulation of the recommendation; (2) where data
are adequate, upper levels of intake are established to prevent risk
of adverse effects; and (3) components of food that may not fit the
traditional concept of an essential nutrient but are of possible bene-
fit to health will be reviewed and if sufficient data exist, reference
intakes will be established.

Where adequate information is available, each nutrient will have
a set of DRIs. A nutrient will have either an Estimated Average
Requirement (EAR) and RDA, or an Adequate Intake (AI). When
an EAR for the nutrient cannot be determined (and therefore,
neither can the RDA), then an AI is provided for the nutrient. In
addition, most nutrients will have a Tolerable Upper Intake Level
(UL). Like the former RDAs and RNIs, each type of DRI refers to
the average daily nutrient intake of apparently healthy individuals
over time, although the amount may vary substantially from day to
day without ill effect in most cases.

In developing recommended intakes, emphasis is placed on the
reasons underlying the particular criterion of adequacy used to
establish the requirement for each nutrient. A table of the recom-
mended daily intakes developed using the DRI process, at the time
this report was printed, can be found at the end of this book.

The EAR

The EAR1  is the median usual intake value that is estimated to
meet the requirement of half the healthy individuals in a life stage
and gender group. At this level of intake, the other half of the
individuals in the specified group would not have their needs met.
The EAR is based on a specific criterion of adequacy, derived from
a careful review of the literature. Reduction of disease risk is consid-
ered along with many other health parameters in the selection of
that criterion. The EAR is used to calculate the RDA.

1 It is recognized that the definition of the EAR implies a median as opposed to
a mean or average. The median and average would be the same if the distribution
of requirements followed a symmetrical distribution such as the normal, and would
diverge as a distribution became skewed. Two considerations prompted the choice
of the term EAR: (1) data are rarely adequate to determine the distribution of
requirements, and (2) precedent has been set by other countries that have used
the term EAR for reference values similarly derived (COMA, 1991).
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24 DIETARY REFERENCE INTAKES

The RDA

The RDA is the average daily dietary intake level that is sufficient
to meet the nutrient requirement of nearly all healthy individuals
in a particular life stage and gender group. If the distribution of
requirements in the group is assumed to be normal, then the RDA
is the value that exceeds the requirements of 97 to 98 percent of the
individuals in the group (Figure 1-1). Under the assumption of nor-
mality, the RDA can be computed from the EAR and the standard
deviation of requirements (SDREQ) as follows:

RDA = EAR + 2 SDREQ

If the distribution of requirements is normal, 97 to 98 percent of
the individuals in the group will have a requirement that is below
the RDA. The RDA is intended for use primarily as a goal for usual
intake of individuals. Because the RDA is derived directly from the
EAR, if data are insufficient to establish an EAR, no RDA can be set.

FIGURE 1-1 Dietary reference intakes. This figure shows that the Estimated Aver-
age Requirement (EAR) is the intake at which the risk of inadequacy is 0.5 (50
percent) to an individual. The Recommended Dietary Allowance (RDA) is the
intake at which the risk of inadequacy is very small—only 0.02 to 0.03 (2 to 3
percent). The Adequate Intake (AI) does not bear a consistent relationship to the
EAR or the RDA because it is set without being able to estimate the requirement.
At intakes between the RDA and the Tolerable Upper Intake Level (UL), the risks
of inadequacy and of excess are both close to 0. At intakes above the UL, the risk of
adverse effects increases.
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The AI

If sufficient scientific evidence is not available to establish an EAR
and set an RDA, an AI is derived instead. The AI is based on experi-
mentally derived intake levels or approximations of observed mean
nutrient intakes by a group (or groups) of apparently healthy
people who are maintaining a defined nutritional state or criterion
of adequacy. Examples of defined nutritional states include normal
growth, maintenance of normal levels of nutrients in plasma, and
other aspects of nutritional well-being or general health.

The AI would not be consistently related to the EAR and its RDA
even if they could be established. For example, for young infants,
the AI is usually based on the daily mean nutrient intake supplied
by human milk for healthy, full-term infants who are exclusively fed
human milk. For adults, the AI may be based on data from a single
experiment (e.g., the AI for choline [IOM, 1998b]), based on esti-
mated dietary intakes in apparently healthy population groups (e.g.,
the AIs for biotin and pantothenic acid [IOM, 1998b]), or result
from a review of data from different approaches (e.g., the AI for
calcium, based on calcium retention, factorial estimates of require-
ments, and limited data on bone mineral density and bone mineral
content changes in adult women [IOM, 1997]). The AI is expected
to exceed the EAR and the RDA for a specified criterion of nutri-
tional adequacy. When an RDA is not available for a nutrient (since
there is no EAR), the AI can be used as the goal for an individual’s
intake. However, as is explained later in this report, the AI has
limited uses in assessment.

The issuance of an AI indicates that more research is needed to
determine, with some degree of confidence, the mean and distribu-
tion of requirements for that specific nutrient. When this research
is completed, it should be possible to replace estimates of AIs with
EARs and RDAs.

The UL

The UL is the highest level of continuing daily nutrient intake
that is likely to pose no risk of adverse health effects in almost all
individuals in the specified life stage group (Figure 1-1). As intake
increases above the UL, the potential risk of adverse effects increases.
The term tolerable intake was chosen to avoid implying a possible
beneficial effect. Instead, the term is intended to connote a level of
intake with a high probability of being tolerated biologically. The
UL is not intended to be a recommended level of intake. Unless
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26 DIETARY REFERENCE INTAKES

specifically identified in the nutrient reports (e.g., for folate in the
prevention of neural tube defects [IOM, 1998b]), there is no currently
established benefit to healthy individuals associated with ingestion
of nutrients in amounts exceeding the RDA or AI.

The UL is based on an evaluation conducted using the methodology
for risk assessment of the adverse effects of nutrients (IOM, 1998a).
The need to establish ULs grew out of the increasingly common
practice of fortification of foods with nutrients and the increased
use of dietary supplements. For some nutrients, data may not be
sufficient for developing a UL. This indicates the need for caution
in consuming high intakes and should not be interpreted as mean-
ing that high intakes pose no risk of adverse effects.

General Properties of DRIs

Unless otherwise stated, all values given for EARs, RDAs, AIs, and
ULs represent the total quantity of the nutrient or food component
to be supplied by foods (including nutrients added to foods) and by
nutrients ingested as supplements. These values are also based on
usual or continuing intakes. The DRIs apply to the apparently
healthy population. RDAs and AIs are not expected to replete indi-
viduals who are already malnourished, nor are they intended to be
adequate for those who may have increased requirements because
of certain disease states. Appropriate goals for intake should be
provided to those with greatly increased nutrient requirements.
Although the RDA or AI may serve as the basis for such guidance,
qualified medical and nutrition personnel should make necessary
adaptations for specific situations.

Comparison of the AI with the RDA

In general, both values are intended to cover the needs of nearly
all members of a life stage group. For both RDAs and AIs, values for
children and adolescents may be extrapolated from adult values if
no other usable data are available. However, there is much less cer-
tainty about an AI value in comparison to an RDA value.

The RDA is based on specific knowledge of the requirement and
assumptions about its distribution and is set to meet the require-
ments of almost all (97 to 98 percent) of the population. In con-
trast, the AI is an experimentally derived or observed mean intake
that appears to maintain a specific criterion of adequacy in a group
of apparently healthy people. Therefore, by definition, the RDA
incorporates only the estimated variability in requirements, where-
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as the AI, if based on observed mean intakes, incorporates the vari-
ability of both requirements and intake. The AI represents an
informed judgment about what seems to be an adequate intake for
an individual based on available information, whereas the RDA is a
more data-based and statistically relevant estimate of the required
level of intake for almost all individuals. For this reason, AIs must
be used more carefully than RDAs.

Criteria of Adequacy

In the derivation of the EAR or AI, close attention has been paid
to determining the most appropriate criteria of adequacy. A key
question is, Adequate for what? In many cases a continuum of bene-
fits may be ascribed to various levels of intake of the same nutrient.
Each EAR and AI is described in terms of the selected criterion or,
in some cases, criteria. For example, the EAR, and thus the RDA,
for folate for women of childbearing age is based on a combination
of biochemical indicators or criteria. A separate recommendation is
made for women capable of becoming pregnant to reduce the risk
of a neural tube defect in the offspring if pregnancy occurs. There
are many possible and equally legitimate criteria of adequacy. The
criteria are discussed in each nutrient report as part of the rationale
for the DRIs developed (IOM, 1997, 1998b, 2000).

Uncertainty in Requirement Estimations

The task of setting both median requirements (EARs) and ULs
for apparently healthy persons of all ages and both genders in vari-
ous physiological states is ambitious. Ideally, data from the target
population on intakes at various levels and the functional effects of
these intakes would be available. In reality the information base is
often limited, and its reliability varies from nutrient to nutrient.
These limitations are discussed in detail in each of the nutrient
reports (IOM, 1997, 1998b, 2000). Users of these reports should
recognize that the DRIs are estimates based on available data, and
that even when an EAR, RDA, and a UL for a nutrient are provided
for a life stage and gender group, there is considerable uncertainty
about these values. The DRIs will continue to evolve as better infor-
mation becomes available. When interpreting the results of assess-
ments of individuals or groups, it is appropriate to consider possi-
ble limitations in the information base that was used to generate
the relevant DRIs.
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ORGANIZATION OF THE REPORT

This report is organized to take the user step-by-step through
methodology for using the Dietary Reference Intakes (DRIs) to
assess the adequacy of nutrient intakes. An overview of the concept
of using dietary reference standards along with the identification of
their past uses (specifically the former Recommended Dietary Allow-
ances [RDAs] and Recommended Nutrient Intakes [RNIs]) is pre-
sented in Chapter 2.

Chapter 3 describes how DRIs can be used for assessing the appar-
ent nutrient adequacy of individuals, and includes a discussion of
obtaining and interpreting information on individual intakes and
the effect of the large within-person variation. Examples of specific
applications are also provided.

Chapter 4 provides the statistical basis for the use of the Estimated
Average Requirement (EAR) in assessing nutrient adequacy of
groups. The chapter begins with a basic discussion of the concept
of assessing the prevalence of inadequate nutrient intakes and then
develops the statistical approaches for estimating this prevalence.
Assumptions required for the use of the statistical models are dis-
cussed, as is the need for adjusting intake distributions.

In Chapter 5, the focus is on group-level assessment of nutrient
adequacy using the Adequate Intake (AI). Chapter 6 provides guid-
ance on the extent to which the Tolerable Upper Intake Level (UL)
can be used to estimate the prevalence of potential risk for adverse
effects in groups.

Specific guidance with examples on appropriate applications of
the DRIs for group assessment purposes is provided in Chapter 7—
the methodological approaches described in Chapters 4, 5, and 6
are applied to some of the specific uses of dietary reference stan-
dards reported in Chapter 2. Three specific applications are pre-
sented and discussed.

A brief description of limitations in the measurement of intakes
and requirements, and the importance of accurate sampling tech-
niques are highlighted in Chapter 8. Chapter 9 provides recom-
mendations for research needed to improve and refine nutrient
assessments.
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2
Current Uses of

Dietary Reference Standards

This chapter begins with a brief discussion of the history of dietary
recommendations for nutrients in the United States and Canada.
This discussion includes a conceptual framework that both describes
two main general uses of the dietary reference standards and is the
basis for organizing the remainder of this report. The next section
catalogues the current uses of dietary reference standards on the
basis of information provided by the U.S. and Canadian federal
agencies involved in health and nutrition policy.

CHANGES OVER TIME

Since the publication of the first Recommended Dietary Allow-
ances (RDAs) for the United States in 1941 and Daily Recommended
Nutrient Intakes (DRNIs) for Canada in 1938 (now shortened to
RNIs), applications of quantitative recommended intakes have
expanded both in scope and diversity. Uses range from their origi-
nal objective to serve as a goal for good nutrition to such diverse
uses as food planning and procurement, design and evaluation of food
assistance programs, development of nutrition education materials,
food labeling, food fortification, and dietary research.

Primary Applications

In 1941, the Food and Nutrition Board first proposed the RDAs
“to serve as a goal for good nutrition and as a ‘yardstick’ by which to
measure progress toward that goal...” (NRC, 1941, p. 1). Even today,
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many of the specific uses and applications of dietary reference
standards fall into the two general categories defined implicitly in
1941—diet planning and diet assessment. Diet planning applica-
tions involve using dietary reference standards to develop recom-
mendations for what intakes should be (i.e., as a goal for good
nutrition). Diet assessment applications involve determining the
probable adequacy or inadequacy of observed intakes (i.e., a yard-
stick by which to measure progress). These two general applications
of dietary reference standards are interrelated.

The first Canadian dietary standards—DRNIs—were issued by the
Canadian Council on Nutrition (1938) and stated that the stan-
dards were to be used as the basis for evaluation of observed diets. It
was not clear whether group diets (group mean intakes) or individ-
ual diets were intended.

The 1990 version of the RNIs and 1989 RDAs did not differ in the
described derivations of the recommended intakes but differences
remain about how intended uses are described, resulting in some
confusion for the users of both reports. The joint U.S. and Canadian
development of the new Dietary Reference Intakes (DRIs) should
resolve this confusion.

Conceptual Framework

Figure 2-1 illustrates a conceptual framework adapted from one
first developed by Beaton (1994) which can be applied to the uses
of dietary reference standards. As shown in this figure, knowledge
about distributions of requirements and intakes feeds into the two
general applications of diet planning and assessment. Within each
of these general categories, the applications differ according to
whether they are for an individual or for population groups.

The simplicity of this conceptual framework belies the complexity
in using and interpreting DRIs to plan and assess diets. In the past,
both planning and assessment applications relied primarily on the
former RDAs or RNIs because these were the only quantitative
nutrient reference standards widely available. The concepts under-
lying the former RDAs often were not well understood and thus
some applications of the former RDAs for both assessment and plan-
ning were not appropriate (IOM, 1994). For the three newly intro-
duced dietary reference intakes—the Estimated Average Require-
ment (EAR), Adequate Intake (AI), and Tolerable Upper Intake
Level (UL)—guidance is needed to differentiate which should be
used in various applications in diet assessment and planning. As
discussed in the next section, the wide range of uses for dietary
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FIGURE 2-1 Conceptual framework—uses of dietary standards. *Food plus sup-
plements.
SOURCE: Adapted from Beaton (1994).
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reference standards represents both the importance of developing
scientifically based standards and the need to assist the user in
understanding fully how each DRI should be used and interpreted.

USES OF THE FORMER RDAS AND RNIS

Users of dietary reference standards include those who plan meals
for individuals and groups; individual consumers who decide what
foods to eat and how much; the food industry which produces, vol-
untarily fortifies, and markets foods; federal, state, and local govern-
ment agencies that design, operate, and evaluate food and nutrition
assistance programs; scientific and regulatory bodies that formulate
standards and regulations to ensure marketed foods are safe and
appropriately advertised; and nutrition and health professionals
who educate, counsel, evaluate, and monitor public health.

Table 2-1 and the following text includes the major applications
for which the Recommended Dietary Allowances (RDAs) and Rec-
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TABLE 2-1 Reported Uses of Dietary Reference Standardsa

Assessment (A)
General Use of Dietary Reference Standards or Planning (P)

Evaluation of Dietary Data

Assess nutrient intake of individuals A

Assess nutrient intakes of groups A

Nutrition Education and Guides for Food Selection

Evaluate an individual’s diet as a basis for recommending A
specific changes in food patterns and nutrient needs

Evaluate nutrient intakes of groups as a basis for nutrition A
education sessions

Provide guidance to individuals and groups on how to P
obtain a nutritious diet

Develop food guides and dietary guidelines P
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Specific Identified Uses of Dietary Reference Standards

Compare an individual’s nutrient intake with Recommended Dietary Allowances
(RDA) or Recommended Nutrient Intakes (RNI)

Compare nutrient intakes with RDA or RNI to estimate the percentage of the
population at risk of inadequate intake based on percent of RDA or RNI

Compare nutrient intakes—mean, median, and distributions of intake—with RDA
or RNI for population subgroups to determine the size and type of populations
considered to be at risk of inadequate intake

Compare nutrient intakes with RDA or RNI to assess variations over time in the
percentage of the population at risk of inadequate intake based on prevalence
below RDA or RNI

Monitor the potential of the food supply to meet the nutritional needs of the
population, examine trends, and evaluate changes over time in diets

Compare an individual’s nutrient intake with dietary reference standards and
identify changes in food consumption patterns that might reduce the risk of
inadequate intake

Compare nutrient intakes of population subgroups with dietary reference
standards and identify changes in food consumption patterns that might
reduce the risk of inadequate intake; identify foods that are important
contributors of nutrients

Counsel individuals and educate groups on selecting foods to meet required
nutritional standards

Use in developing and revising the U.S. Department of Agriculture’s Dietary
Guidelines for Americans and the Food Guide Pyramid, and Canada’s Food
Guide to Healthy Eating, which provide information on types and amounts of
foods that meet nutritional requirements

continued
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TABLE 2-1 Continued

Assessment (A)
General Use of Dietary Reference Standards or Planning (P)

Food and Nutrition Assistance Programs

Develop plans for feeding groups to meet nutritional P
standards and for food budgeting and purchasing

Develop food packages for program benefits A, P

Evaluate meals and foods offered by programs A

Design food and nutrition assistance programs A

Evaluate the dietary effects of food and nutrition A
assistance programs

Determine eligibility for the Special Supplemental A
Nutrition Program for Women, Infants, and
Children (WIC)

Military Food and Nutrition Planning and Policy

Nutrition research A

Food procurement and meal planning P
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Specific Identified Uses of Dietary Reference Standards

Use dietary reference standards and typical food-purchasing patterns to define
four official U.S. Department of Agriculture food plans: (1) the Thrifty Food
Plan, used as the basis for the Food Stamp Program; (2) and (3) the moderate
and liberal food plans, used as the basis for military food allowances; and
(4) the low-cost food plan, used for financial planning in bankruptcy and
other similar court cases

Design meal patterns that provide a specified percentage of the dietary reference
standards for the National School Lunch Program, the School Breakfast
Program, the Child and Adult Care Feeding Program, and the Summer Food
Service Program

Use as a basis for evaluating and modifying nutrient content of food packages for
the Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC), the Food Distribution Program on Indian Reservations, and the
Commodity Supplemental Food Program

Compare nutrients offered at meals—means, medians, and distributions—with
program regulations

Compare nutrient intakes—mean, median, and distributions of intake—with
dietary reference standards to identify population subgroups for possible
intervention with food assistance, fortification, and education

Compare nutrient intakes—mean, median, and distributions of intake—with
dietary reference standards, by program participation; estimate program effects
and estimate the percentage, by program participation status, at risk of
inadequate intake

Compare individual nutrient intake with dietary reference standards to assess
whether an individual is at nutritional risk on the basis of an inadequate diet

Determine whether dietary reference standards need to be adjusted for field
conditions (peacetime, peacetime overseas, conflict, war)

Compare nutrient intakes with dietary reference standards to evaluate the ability
of the military meal planning to meet nutritional standards

Use dietary reference standards as a basis for planning meals for the military and
 use of fortified foods, supplements, special food products

continued
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TABLE 2-1 Continued

Assessment (A)
General Use of Dietary Reference Standards or Planning (P)

Military rations and deployment policies P

Nutrition education P

Institutional Dietary Assessment and Planning A, P

Assessment of Disease Risk A

Food Labels and Nutritional Marketing P

Clinical Dietetics

Develop therapeutic diet manual P

Counsel patients requiring modified diets and plan P
modified diets

Assess patient intakes to determine if nutritional A
supplementation is needed

Food Fortification and Development of New or Modified A, P
Food Products

Food Safety Considerations A

a This table is based on a survey of federal agencies in the United States and Canada and other u
appropriateness.
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Specific Identified Uses of Dietary Reference Standards

Use dietary reference standards to set military rations
Determine military rations based on adjusted dietary reference standards for field

conditions—Nutritional Standards for Operational Rations

Develop nutrition education material for military personnel to counsel them how
to meet required nutritional standards and how to avoid overconsumption

Use dietary reference standards to assess the adequacy of, and as a basis for,
planning meals in institutional settings such as hospitals, dormitories, prisons,
and nursing homes

Use epidemiological analyses relating nutrient intakes to health and nutritional
status

Use dietary reference standards as reference points for deriving nutrient
reference standards for food labels

Use dietary reference standards to communicate information on the nutrient
content of foods

Use dietary reference standards as a basis for modifying menu plans for patient
groups requiring therapeutic diets

Use dietary reference standards as benchmark for modifying the diets of
individual patients requiring therapeutic diets

Use dietary reference standards as a basis for assessing the individual’s observed
intake

Compare nutrient intakes of population subgroups with dietary reference
standards to determine which nutrients are inadequately consumed;
fortification may be mandated by government or voluntary by the food industry

Use by industry as a guide for developing new or modified food products

Compare nutrient intakes with dietary reference standards to identify the size
and type of populations at risk from use of particular foods and food products;
identify extreme and unusual patterns of intakes of foods, food ingredients, or
food additives; and determine the need to enact or modify regulations

er users conducted in 1998. It summarizes reported uses and does not represent any judgment about
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ommended Nutrient Intakes (RNIs) have been used in the past,
although there may be other uses that are not identified here.

Evaluation of Dietary Data

Dietary reference standards have been used to evaluate dietary
intake data for individuals, frequently in conjunction with biochem-
ical, clinical, or anthropometric data. They can also be used to eval-
uate intake data for groups of individuals. Possible uses in evaluat-
ing groups include: estimating the percentage of the population at
risk of inadequate or excessive intake; identifying subgroups at risk
of inadequate or excessive intake; examining changes over time in
the percentage of the population and of population subgroups at
risk of inadequate or excessive intake; monitoring the potential of
the food supply to meet the nutritional needs of the population;
and examining trends and changes in food consumption over time.

Nutrition Education and Guides for Food Selection

Nutrient standards (specifically, the former RDAs and RNIs) have
long been the foundation for discussing nutrient needs, for com-
paring the nutritional value of foods, and for counseling individuals
and groups on how to meet nutritional requirements as part of
nutrition education (Sims, 1996). Dietary assessment also provides
information for nutrition education efforts and guides food selec-
tion. By linking findings from dietary assessment with foods con-
sumed, it is possible to identify foods that are important contributors
of nutrients, specify food consumption patterns that might reduce
the probability of dietary inadequacy, and educate individuals and
groups about appropriate foods and food consumption patterns.
The difficulty encountered in applying dietary reference standards
for this purpose is in translating quantitative nutrient recommenda-
tions into food-based information for dietary planning. Food guides,
such as the U.S. Department of Agriculture’s (USDA) Food Guide
Pyramid and Health Canada’s Food Guide to Healthy Eating, attempt
to do just this.  These guides group foods according to their nutrient
contributions and provide recommendations for selecting the types
and amounts of foods that provide the recommended intakes for
most nutrients (Welsh et al., 1992). It may be difficult, however, to
develop food guides which meet the RDAs and AIs for all nutrients,
and consideration of the Tolerable Upper Intake Level (UL) in
developing or modifying food guides will provide an additional
challenge.
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Food and Nutrition Assistance Programs

Quantitative nutrient recommendations have been the corner-
stone of food and nutrition assistance programs. In the United
States, the RDAs have been used: (1) as the basis for specified meal
patterns in child nutrition programs and other institutional feeding
programs; (2) as the nutritional goals of the Thrifty Food Plan, a
low-cost food plan that determines benefit levels for the Food Stamp
Program; (3) in development of food packages and benefits for
various targeted nutrition programs such as the Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC); and
(4) in assessment of compliance with USDA nutrition program reg-
ulations. There are few government-operated nutrition assistance
programs in Canada and thus, no equivalent reported uses of the
RNIs.

Similarly, dietary reference standards—typically the former RDAs
and RNIs—have been used as guidelines for planning meals by
incorporation into regulations for feeding groups (e.g., school chil-
dren or elderly adults) and for making food purchasing and bud-
geting decisions.

In general, when the former RDAs were used to plan diets, the
goals were set such that a certain percentage of the RDA was
achieved over a period of a week or longer. The challenge for those
who have used the former RDAs and RNIs for planning meals and
designing food and nutrition program benefits will be how to incor-
porate the new reference standards of Estimated Average Require-
ments (EARs), RDAs, Adequate Intakes (AIs), and ULs to enhance
and improve the nutritional dimension of diet planning.

Military Food and Nutrition Planning and Policy

The U.S. Department of Defense uses dietary reference standards
for dietary assessment, food procurement and meal planning, set-
ting nutrient levels of military rations for deployment, and develop-
ing nutrition education materials for military personnel. Nutrient
standards are used by the military to plan menus and meals for
garrison feeding and to assess whether provision of fortified foods,
nutrient supplements, or special food products are needed in oper-
ational conditions. For example, in the past the military adapted
the former RDAs to reflect variations in physical activity or stress or
to emphasize performance enhancement (rather than to prevent
deficiencies) (AR 40-25, 1985).
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Institutional Dietary Assessment and Planning

People who are fed in institutional settings vary in demographic
and life stage characteristics (e.g., day care centers vs. long-term
care facilities), health status, expected duration of residence (e.g., a
school vs. a correctional facility), and proportion of total dietary
intake obtained from institutional food services (e.g., a single con-
gregate meal program vs. a nursing home). Institutions also vary in
their characteristics, such as whether clients consume food in the
facility or at another location (e.g., congregate vs. home-delivered
meals), availability and degree of food choice offered to clients or
residents, food budgets, ownership (public or private), legal require-
ments pertaining to food or nutrient composition of the diet served,
and the means used to assess and monitor whether nutrient needs
of clients are met.

In general, institutions that cater to individuals at high nutritional
risk and those that provide clients with most or all of their food on a
long-term basis have a particular need to plan diets or menus that
allow individuals to consume nutrients at levels comparable to
nutrient recommendations.

The former RDAs and RNIs have been widely used as the basis for
menu planning for groups and as goals to achieve in interventions
aimed at improving the nutritional quality of individual meals or
overall diets. They have also been used as benchmarks against which
intakes are assessed (e.g., the proportion of residents achieving the
RDA or RNI). Specific categories of DRIs may be more appropriate
for some of these purposes.

Assessment of Disease Risk

Much of the knowledge of the relationships between nutrients
and specific diseases comes from clinical and epidemiological
studies of diet and disease in diverse human populations. Thus,
epidemiological research is used to identify possible relationships
between specific dietary components and observed disease patterns.
In turn, the dietary reference standards can be used to assess intakes
and exposure to nutrients in the study of a nutrient’s relationship
to risk of dietary deficiency diseases, chronic diseases, or adverse
effects resulting from excessive intake or exposure.
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Food Labels and Nutritional Marketing

Food labeling is a highly visible application of the use of quantita-
tive nutrient standards. As of 2000, food labels in both the U.S. and
Canada still use values based on older standards (1983 Recommended
Daily Nutrient Intakes in Canada and 1968 RDAs in the United
States). In addition to providing consumers with information on
the nutrient content of food products, the nutrient standards serve
as a basis for nutrient content claims and health claims. For exam-
ple, in the United States, if a food label contains a claim that the
food is a good source of a vitamin, that food must contain at least
10 percent of the Daily Value (DV) for that vitamin in the serving
portion usually consumed. The DV is based on the Reference Daily
Intake, which was usually based on the highest RDA for adolescents
or adults as established in the 1968 RDAs (NRC, 1968). To make a
health claim with regard to lowering the risk of a chronic disease, a
food must meet specific regulatory guidelines with respect to the
required content of the nutrient for which the health claim is made.
The food industry often uses messages on food labels to communi-
cate and market the nutritional benefits of food products.

Clinical Dietetics

RDAs and RNIs have also been used as the basis for planning
menus for groups of hospital patients, as a reference point for mod-
ifying diets of patients, and as a guide for the formulation of oral
nutritional supplements or of complete enteral and parenteral feed-
ing solutions. The use of quantitative nutrient standards for devel-
oping therapeutic diets and counseling patients requires caution
since in the past, and now with the DRIs, these standards were
established to meet the needs of almost all apparently healthy indi-
viduals. Those with therapeutic needs may not have their needs
met, or they may have specific clinical conditions that would be
worsened by consuming a nutrient at the recommended level. In
developing therapeutic diets for patients with a specific disease, the
usual procedure is first to use recommended intakes for nutrients
that are not affected by the disease. For other nutrients, estimates
are based on the best evidence of needs during illness. These
assumptions are usually specified in the diet manuals of hospitals
and professional associations.
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Food Fortification and Development of New or Modified
Food Products

Public health professionals and the food industry also use the
results from dietary assessment to identify nutrients that appear to
be inadequate in groups evaluated and then to consider either for-
tifying foods or developing new foods to assist in meeting nutrient
needs. Fortification can be of significant benefit when a large seg-
ment of the population has usual intakes of a nutrient below the
dietary standard and nutrition education efforts have been ineffec-
tive. Food fortification in the United States may be mandatory, such
as in the folate, iron, and selected B vitamin fortification of cereal
grains, or voluntary, as in the addition of a large array of vitamins in
ready-to-eat cereals. The effects of fortification on intake distribu-
tions depend on the choice of food fortified.

Food Safety Considerations

Dietary assessment provides information for people concerned
with the food safety considerations associated with the prevalence
of very high intakes of nutrients. Information on how to apply the
UL should be helpful here.

LOOKING AHEAD: APPLYING THE DRIS

The introduction of the Dietary Reference Intakes (DRIs), espe-
cially the Estimated Average Requirement (EAR) and Tolerable
Upper Intake Level (UL), provides better tools for many of the uses
described here and presented in Table 2-1. This report presents
how specific DRIs should be used for dietary assessment. While some
examples of application in the assessment of individuals and of
groups are provided, not all of the uses described above are specifi-
cally addressed. A subsequent report will discuss using specific DRIs
in planning.
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II
Application of DRIs for

Individual Diet Assessment

In Part II, the focus is on how to assess nutrient adequacy of indi-
viduals using the Dietary Reference Intakes (DRIs).

Chapter 3 demonstrates how to compare an individual’s intake to
the appropriate DRI of a nutrient to decide, with a predetermined
level of confidence, whether an individual’s intake of a nutrient is
adequate or excessive.  A discussion on obtaining and interpreting
information on individual intakes and the effect of the large within-
person variation is included and examples of specific applications
are provided.
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3
Using Dietary Reference Intakes

for Nutrient Assessment
of Individuals

This chapter provides a statistical approach to those wishing to
quantitatively assess an individual’s diet relative to the Dietary Ref-
erence Intakes (DRIs). The information presented in this chapter
should be kept in context. Those who actually conduct individual
assessments typically have access to a variety of information sources,
including: (1) types of foods in the diet and information on usual
dietary patterns; (2) lifestyle practices (e.g., smoking, alcohol con-
sumption, exercise patterns); (3) anthropometric data; (4) clinical
diagnosis (e.g., diabetes, cholesteremia, hypertension, cardiovascular
disease); and (5) information on nutrient intakes from analysis of
food records or recalls.  Although the information presented in this
chapter focuses on nutrient intake data, it should always be consid-
ered in combination with other information in dietary assessment
of individuals.

Throughout the chapter, the fact that an individual’s observed
mean intake over a few days may not be an accurate estimate of that
individual’s usual intake is emphasized. When comparing mean
observed intake to a DRI, it is important to take into account the
day-to-day variability in intake. In addition, an individual’s require-
ment of a nutrient is almost always unknown, and this uncertainty
must also be accounted for in individual assessment. Specifically,
this chapter demonstrates how to compare an individual’s intake to
the appropriate DRI of a nutrient to decide, with a predetermined
level of confidence, whether an individual’s intake of a nutrient is
adequate or excessive.

The statistical approaches proposed in this chapter are not appli-
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cable to all nutrients because they assume normal distributions of
daily intakes and requirements. A different methodology needs to
be developed for nutrients for which the requirement distribution
in the population is skewed (such as the iron requirements of men-
struating women) or for which the distribution of daily intakes is
skewed (as in the case of vitamin A, vitamin B12, vitamin C, vitamin E,
and perhaps several others).  Until these new methods are avail-
able, individual assessment for these nutrients should continue to
place emphasis on the types of information mentioned above for a
qualitative assessment.

INTRODUCTION

When an Estimated Average Requirement (EAR) for a nutrient is
available, it is possible to make a quantitative assessment of the ade-
quacy of the individual’s usual intake of the nutrient. When an
Adequate Intake (AI) is all that is available, it is still possible to
determine whether the individual’s usual intake is above the AI
with a predetermined level of confidence. No conclusions can be
drawn, however, when usual intake is below the AI. In this chapter,
guidance is provided on how to determine whether an individual’s
usual intake of a nutrient exceeds the Tolerable Upper Intake Level
(UL), suggesting that the usual intake is excessive. Note that use of
the Recommended Dietary Allowance (RDA) is not recommended for
individual assessment.

Whether one is interested in assessing the adequacy of the indi-
vidual’s usual intake or in deciding whether usual intake exceeds
the UL, the relevant information must include both the observed
mean intake and the standard deviation (SD) of daily intakes for
the individual. In the next section it is emphasized that usual intake
is unobservable in practice, but for the purposes of assessment, it
suffices to observe the individual’s daily intake over a few days and
to have a reliable estimate of the SD of daily intake.

PROPOSED NEW METHOD FOR INDIVIDUAL ASSESSMENT

Is an individual’s diet meeting nutrient needs? This question is
fundamental to individual nutrition counseling and education. Answer-
ing this question is not an exact science, and the answer is consider-
ably less precise than might be anticipated, especially because of
the appearance of accuracy in computer printouts providing nutrient
analysis of dietary intake data.

The Dietary Reference Intakes (DRIs) can be used to assess the
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apparent adequacy of an individual’s intake to maintain the state of
nutriture used to define a requirement. However, DRIs can neither
provide precise quantitative assessments of the adequacy of diets of
individuals nor be used to exactly assess nutritional status. Diet soft-
ware programs based on the DRIs cannot do so either.

Assessing dietary adequacy by comparing an individual’s intake
and requirement for a nutrient is problematic for two reasons: first,
the individual’s requirement for a given nutrient must be known, and
second, the individual’s usual intake of the nutrient must be known.
As described in Chapter 1, requirement is defined as the lowest con-
tinuing intake level of a nutrient that will maintain a defined level
of nutriture in an individual for a given criterion of nutritional
adequacy. Usual intake is defined as the individual’s average intake
over a long period of time. As is evident from these definitions,
determining an individual’s exact requirement would involve a con-
trolled clinical setting in which the individual would be fed graded
levels of a particular nutrient over a period of time, while under-
going numerous physiological and biochemical measurements.
Determining usual intake requires a prohibitively large number of
accurate diet records or recalls assessed using accurate food compo-
sition information (see Chapter 8 for further discussion of the
importance of accurate intake and food composition data). Because
neither type of information is usually available, it is simply not possi-
ble to exactly determine whether an individual’s diet meets his or
her individual requirement.

For some nutrients, however, it is possible to approximately assess
whether an individual’s nutrient intake meets his or her require-
ment. The remainder of this chapter and Appendix B provide spe-
cific guidance to help professionals assess individual dietary intake
data relative to the DRIs. To do so, it is necessary to obtain informa-
tion on an individual’s usual intake, choose the appropriate refer-
ence standard, and then interpret the intake data.

Whenever possible, the assessment of apparent dietary adequacy
should consider biological parameters such as anthropometry (e.g.,
weight for height), biochemical indices (e.g., serum albumin, blood
urea nitrogen, creatinine, retinol binding protein, hemoglobin),
diagnoses (e.g., renal disease, malabsorption), clinical status, and
other factors as well as diet. Dietary adequacy should be assessed
and diet plans formulated based on the totality of the evidence, not
on dietary intake data alone.
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BOX 3-1 The Number of Days Needed to Estimate Usual Intake Varies with
the Specific Nutrient and the Desired Precision

Consider trying to estimate an individual’s usual intake of niacin and
vitamin C. In a study of 13 men over 1 year, it was estimated that determining
mean niacin intake within ± 10 percent of their true usual intake required
53 days of intake data, whereas 249 days of intake data were needed to
estimate usual vitamin C intake with the same precision. In a study of 16 adult
women over 1 year, an average of 222 days of intake data was needed to
estimate their vitamin C intake within ± 10 percent of true usual intake,
while an estimate within ± 20 percent of true usual intake required only
55days (Basiotis et al., 1987).

Obtain Information on the Individual’s Usual Intake

The first step in individual assessment is to obtain the most accu-
rate information possible on total dietary intake (food and supple-
ments), recognizing that this is always a challenge because of the
documented high incidence of underreporting (Johnson et al.,
1998; Lichtman et al., 1992; Mertz et al., 1991), and the large day-
to-day variation in intake (Beaton et al., 1979, 1983; Gibson, 1990;
Sempos et al., 1985; Tarasuk and Beaton, 1991b, 1992; Van Staveren
et al., 1982). Intake on one or even several days may give very inac-
curate estimates of usual intake, especially if the individual’s food
choices vary greatly from one day to the next, which is a common
occurrence. Following are some issues to consider when determin-
ing the magnitude of day-to-day variation:

• Factors that affect day-to-day variation in nutrient intake include:
— variety versus monotony in an individual’s food choices (Basiotis

et al., 1987; Sempos et al., 1985; Tarasuk and Beaton, 1991b,
1992)

— day of the week (Beaton et al., 1979; Tarasuk and Beaton,
1992; Van Staveren et al., 1982)

— season
— holidays and special occasions
— appetite (which may be related to changes in physical activity,

the menstrual cycle, etc. [Barr et al., 1995; Tarasuk and Beaton,
1991a])

• The number of days needed to estimate usual intake also varies
according to the desired precision of the estimate (see examples in
Box 3-1). Obtaining an estimate within ± 10 percent of the usual
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intake requires more days of intake data than obtaining an estimate
within ± 20 percent of the usual intake (Basiotis et al., 1987).

• Special attention must be given to nutrients that are highly con-
centrated in a few foods that are consumed only occasionally (see
vitamin A example in Box 3-2). It takes fewer days to estimate usual
intake of nutrients found in lower concentrations in many foods,
especially if those foods are dietary staples (Gibson et al., 1985).

Nutrient intakes of individuals are estimated using instruments
(e.g., diet records, recalls, diet histories, or food-frequency ques-
tionnaires) that are seldom capable of capturing long-term usual
intake. With careful attention to technique (i.e., instruments that
capture total nutrient intake such as food records and dietary
recalls), and access to complete food composition databases, these
instruments may provide an accurate reflection of the individual’s
intake during a specified time period (e.g., a 3-day record). Sugges-
tions for improving the accuracy of dietary intake data collection
are discussed further in Chapter 8. See Box 8-1 for a list of issues to
consider when estimating dietary intake.

However, because of day-to-day variation in intake (within-person
variation), this observed intake is probably not the same as long-term
usual intake. In all likelihood, an individual’s observed intake dur-
ing one 3-day period will differ from observed intake in another
3-day period, and both 3-day observed intakes will differ from true
usual intake. There is also error due to within-person variation with
instruments such as food-frequency questionnaires, and some authors
have estimated this error to be similar to that seen with 3-day records
and recalls (Beaton, 1991; Liu, 1988). Diet histories may have less

BOX 3-2 The Challenge of Estimating Usual Vitamin A Intake

Consider trying to estimate an individual’s usual intake of vitamin A. On
four consecutive days, a person might consume 600, 750, 250, and 400 retinol
equivalents (RE). Does the average of these four values (500 RE) represent
usual intake over a longer time, such as 1 year? In most cases it would not,
because vitamin A intake is often extremely variable. The intake on the next
day might be 100 or 4,000 RE, changing the estimated usual intake to 420 or
to 1,200 RE, respectively. Very different conclusions would be drawn about
the likely adequacy of this individual’s diet from these different estimates,
but would any of these estimates be correct? Probably not. Estimating usual
vitamin A intake requires months, if not years, of records.
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error from within-person variation, but the size of this error has not
been quantified.

It is clear that estimating an individual’s usual intake for a nutri-
ent from the individual’s observed intake alone may lead to an
under- or overestimation of that individual’s usual intake of the
nutrient. However, it is still possible to evaluate the potential error
if something is known about the magnitude of the within-person
variation in intakes for that nutrient. The individual’s observed
mean intake is the best estimate available of the individual’s usual
intake of the nutrient. A pooled estimate of the within-person vari-
ability in intakes has been computed for a number of nutrients
from nationwide food consumption surveys (see Appendix Tables
B-2 through B-5). The magnitude of the day-to-day variation in
intakes of a nutrient will indicate whether the observed mean intake
calculated from a few daily records or recalls is a more or less pre-
cise estimator of the individual’s usual intake of that nutrient. The
observed mean intake and the pooled estimate of day-to-day vari-
ability in intakes will be used subsequently to guide individual
dietary assessments.

Choose the Appropriate Reference Standard

The second step in individual assessment is to choose the appro-
priate DRI to use as a reference standard. In assessing the apparent
adequacy of an individual’s intake, interest is in whether the indi-
vidual’s nutrient requirement is met. Unfortunately, information
on an individual’s requirement is seldom, if ever, available. There-
fore, the best estimate for an individual’s unobservable requirement
is the Estimated Average Requirement (EAR), defined as the median
requirement of a nutrient for a given life stage and gender group.
Obviously there is variation in requirements among individuals, and
assumptions have been made about the shape of the requirement
distribution. A coefficient of variation (CV) (standard deviation of
the requirement divided by the mean requirement × 100) of 10
percent has been assumed for most of the nutrients for which EARs
have been established (IOM, 1997, 1998b, 2000). If requirements
are normally distributed, a CV of 10 percent means that about 95
percent of individuals would have requirements between 80 and
120 percent of the EAR (± 2 standard deviations). With a CV of 15
percent, as has been estimated for niacin (IOM, 1998b), the corre-
sponding range would be between 70 and 130 percent of the EAR.
For some nutrients the CV of the requirement distribution may be
even higher, and for other nutrients (e.g., iron requirements of
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menstruating women) the requirement distribution is known to be
skewed rather than normal. For nutrients with skewed requirement distri-
butions, the approach to assess individual intakes proposed in this chapter is
not appropriate.

The larger the CV (and thus the standard deviation), the larger
the range of possible values for an individual’s requirement for that
nutrient, and the greater the uncertainty about what the individual’s
requirement for that nutrient might be. Even in the hypothetical
case in which the individual’s usual nutrient intake is known, uncer-
tainty remains about whether the usual intake is adequate, because
that individual’s requirement is not known.

Recommended Dietary Allowances (RDAs) have been established
as a target or goal for intake by an individual, and it can be assumed
that individuals whose usual intakes are above the RDA are likely to
be meeting their individual requirements and thus have adequate
intakes. However, the converse is not true. For this reason the RDA
is not a useful reference standard for assessing an individual’s intake.
Intakes below the RDA cannot be assumed to indicate that an indi-
vidual’s intake is inadequate. The RDA, by definition, exceeds the
actual requirements of all but 2 to 3 percent of the population, so
many of those with usual intakes below the RDA may be meeting
their individual requirements. The likelihood of nutrient inadequacy,
however, increases as the usual intake falls further below the RDA.

As discussed in the previous section, however, usual intakes are
unobservable in practice. Thus, one is limited to comparing the
observed mean intake to the DRIs in order to assess adequacy. Sub-
sequently in this chapter it will be demonstrated that due to the
typically high day-to-day variability in intakes for most nutrients,
one may not be able to conclude that an individual’s usual intake is
adequate even if the observed mean intake is larger than the RDA.
Thus, comparing an individual’s observed mean intake to the RDA is not
recommended as a means for determining nutrient adequacy for the individual.

If an Adequate Intake (AI) rather than an EAR was set for a nutri-
ent (e.g., calcium, vitamin D), it may be used in a more limited way
as described in the next section.

Interpret Individual Dietary Intake Data

The third step in individual assessment is to assess the data to
answer the question, On the basis of an individual’s observed intake
over a small number of days, is that individual’s usual intake of the
nutrient adequate and at low risk of adverse effects?
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Using the Estimated Average Requirement

As described earlier in this chapter, trying to compare an individ-
ual’s intake to his or her requirement for a nutrient is difficult for
two main reasons: (1) one needs to know an individual’s require-
ment; and (2) one needs to know an individual’s long-term usual
intake of the nutrient. Neither the individual’s requirement nor the
usual intake of an individual is known.

Appendix B presents in detail a proposed approach, summarized
below, to address this issue, recognizing that nutrient requirement
and usual intake are not observable for a given individual. This
approach is based on the following assumptions:

• The EAR is the best estimate of an individual’s requirement.
• There is person-to-person variation in requirements. The stan-

dard deviation of the requirement is an indicator of how much the
individual’s requirement for a nutrient can deviate from the median
requirement (EAR) in the population.

• Mean observed intake of an individual is the best estimate of an
individual’s usual intake.

• There is day-to-day variation in intake for an individual. The
within-person standard deviation of intakes is an indicator of how
much observed intake may deviate from usual intake.

Inferences about the adequacy of an individual’s diet can be made
by looking at the difference between observed intake and the
median requirement. That is, D is the difference between the mean
observed intake for an individual ( y ) and the median requirement
(EAR, called r for simplicity) for the life stage and gender group to
which the individual belongs,

D =  y – r.

If the difference D is large and positive, that is, if observed intake
is much greater than the median requirement, then it is likely that
an individual’s intake is adequate. Conversely, if the difference D is
large and negative, that is, observed intake is much less than the
median requirement, then it is likely that an individual’s intake is
not adequate. In between, there is considerable uncertainty about
the adequacy of the individual’s intake.

The obvious question then, concerns how large D would have to
be before it could be concluded with some degree of assurance that
the individual’s unobservable usual intake exceeds the individual’s
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unobservable actual requirement. To answer this question, it is nec-
essary to know the standard deviation of D (SDD). The SDD depends
on the number of days of intake available for the individual, the
standard deviation of the requirement (estimated as 10 to 15 per-
cent of the EAR for most nutrients), and the within-person stan-
dard deviation of intake. The latter can be estimated from large
surveys of similar groups of people (such as the Continuing Survey
of Food Intakes by Individuals [CSFII] data presented in Appendix
Tables B-2 through B-5). Once D and SDD have been estimated, the
probability that intake is above (or below) the requirement can be
determined by examining the ratio of D to SDD.

To illustrate this approach, suppose a 40-year-old woman had a
magnesium intake of 320 mg/day, based on three days of dietary
records. The question is whether this observed mean intake of 320
mg/day of magnesium over three days indicates that her usual mag-
nesium intake is adequate. The following information is used in
conducting this assessment:

• The EAR for magnesium for women 31 to 50 years of age is 265
mg/day, with an SD of requirement of 26.5 mg/day.

• The day-to-day SD in magnesium intake for women this age is
85.9 mg/day based on data from the CSFII (see Appendix Table B-2).

The following steps can now be used to determine whether an
intake of 320 mg/day is likely to be adequate for this woman.

1.Calculate the difference D between intake and the EAR as
320– 265 = 55 mg.

2.Use the formula for the SDD
1

 and determine that the SDD is
56 mg. The value of SDD is computed as follows: (a) from Appendix
Table B-2, the pooled SD of daily intake for magnesium in women
aged 19 to 50 years is 86 mg/day, and therefore the variance of
daily intake is the square of the SD or 7,379 mg; (b) divide 7,379 by
the number of days of observed intake data (3) to obtain 2,460;

1 SD V V nD r within= +( )/ , where Vr denotes the variance of the distribution of
requirements in the group, and Vwithin denotes the average variance in day-to-day
intakes of the nutrient. Both variances are computed as the square of the corre-
sponding standard deviations. Intuitively, as the number n of intake days available
on the individual increases, the variance of the observed mean intake should de-
crease (i.e., the accuracy of the estimate for y increases). Thus, the dividing Vwithin
by n when computing the standard deviation of the difference D.
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(c) add this to the square of the SD of requirements ([26.5 mg/
day]2 = 702 mg/day), resulting in a value of 3,162; and (d) the SDD
is then obtained as the square root of 3,162, which is 56.

3.Therefore, D (55) divided by SDD (56) is just slightly less than 1.
As shown in Appendix Table B-1, a value of about 1 implies an 85
percent probability of correctly concluding that this intake is ade-
quate for a woman in this age category. (Details and further expla-
nation are given in Appendix B.)

It is important to note that this woman’s intake was exactly equal
to the RDA of 320 mg/day, yet since there are only three days of
dietary records, there is only 85 percent confidence that this intake
is adequate. Only if true long-term intake had been measured for
this woman (which is seldom feasible) could there be 97.5 percent
confidence that intake at the RDA is adequate. With only three days
of dietary recalls, it would be necessary for her magnesium intake to
be 377 mg/day (which is well above the RDA) in order to have 97.5
percent confidence that intake was adequate (see Table 3-1).

Note that the SD of daily intake for the woman is not estimated
from her own 3-day records. Instead, the estimated SD of daily intake
of magnesium obtained from the CSFII is used. This estimate is a
pooled (across all sampled individuals of the same life stage and
gender group) SD of daily intake.

Why not use the woman’s three days of intake records to estimate
her SD of daily intake? As discussed earlier in this chapter, daily
intakes may vary considerably from one day to the next. Unless the
three days of intake recorded for the woman represent her entire
range of intakes of magnesium, the SD that is estimated from her
own records is likely to be severely biased. Thus, it is recommended
that the pooled SD of daily intake obtained from the CSFII (or from
other similar large-scale dietary surveys) be used for individual
assessment. This has one serious drawback, however, as it is well
known that the SD of daily intake also varies from individual to
individual. In particular, it has been suggested that the within-
person SD of intake is larger in those individuals with higher con-
sumption of the nutrient (Tarasuk and Beaton, 1991a). Nusser et
al. (1996) suggested that for some nutrients the association between
mean intake and SD of intake for the individual is approximately
linear. At this time, however, no extensive studies have been con-
ducted to allow reliable estimation of the within-person SD of intakes
from the individual’s intake records. Therefore, even though the
pooled SD obtained from CSFII (or other large-scale dietary surveys)

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


USING DRIs FOR NUTRIENT ASSESSMENT 55

TABLE 3-1 Illustration of Observed Mean Intakes of
Magnesium That Would Be Necessary to Have 85 Percent or
97.5 Percent Confidence That Usual Intake Is Greater Than
the Requirement for a Woman 40 Years of Age

Using SD of Assuming the Assuming the
Intake from SD is 25 SD is 50
CSFIIa Percent Larger Percent Larger

mg % RDAb mg % RDA mg % RDA

Magnesium EARc 265 265 265
SD of requirement 26.5 26.5 26.5
Magnesium RDA 320 320 320
Assumed SD of intaked 86 107 129

Observed mean intake with 85% confidence of adequacy of usual intake
1 d of intake 355 111 376 117 397 124
3 d of intake 321 100 332 104 344 107
7 d of intake 307 96 313 98 320 100

Observed mean intake with 97.5% confidence of adequacy of usual intake
1 d of intake 445 139 486 152 528 165
3 d of intake 377 118 400 125 423 132
7 d of intake 349 109 362 113 376 117

NOTE: Observed mean intake with xx percent confidence of adequacy = observed mean
intake necessary to have approximately xx percent confidence that the woman’s intake
is greater than her requirement.
a SD = standard deviation; CSFII = Continuing Survey of Food Intake by Individuals.
b RDA = Recommended Dietary Allowance for women 31 through 50 years of age.
c EAR = Estimated Average Requirement for women 31 through 50 years of age.
d SD of magnesium intake for women 19 through 50 years of age taken from CSFII
(Appendix Table B-2).

is not the best estimate of the individual’s SD of daily intake, the
Subcommittee still recommends its use in individual assessment.

Table 3-1 expands this example to further illustrate the effect of
day-to-day variation on the evaluation of magnesium intake for a
woman in the 31–50 years age group.

• For a given confidence level, the number of days of intake data
affects the level of nutrient intake judged to be adequate. Based on
the SD in intake of 85.9 mg/day for an individual (again using the
information in Appendix Table B-2), observed intake would need
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to be 445 mg/day (139 percent of the RDA) to have a 97.5 percent
confidence that intake was adequate with only one day of observed
intake. However, a mean observed intake of only 349 mg/day (109
percent of the RDA) would be needed with 7 days of observed intake.

• For a given confidence level, the larger the SD of daily intake,
the greater the intake level needed for intake to be assessed as
adequate. If the SD of magnesium intake were 25 percent larger,
then intake would need to be 486 mg/day (152 percent of the RDA)
to have a 97.5 percent confidence of adequacy with one day of
observed intake, and 362 mg/day (113 percent of the RDA) with 7
days. If the SD were 50 percent larger, then the intakes would need
to be still higher to have 97.5 percent confidence of adequacy.

To simplify this approach for nutrition professionals, institutions,
and agencies may wish to establish levels of intake that they con-
sider adequate for a given nutrient. For the example shown here, a
level of 377 mg/day might be chosen as the level of adequacy of
magnesium intake for women 31 to 50 years of age, by an institu-
tion that typically collects three days of dietary data for its patients,
and wanted a high level of confidence (97.5 percent) that intake
was adequate.

To summarize, despite the fact that neither individual require-
ment nor usual individual intake is available for dietary assessments
of individuals, some inferences about individual adequacy can be
made by looking at the difference between observed intake and the
median requirement. Shortcomings of this approach are described
in Appendix B. For example, the approach cannot be used when
observed daily intakes are not normally (or symmetrically) distributed
around the individual’s usual intake. An indication that the within-
person intake distribution is not normal (or symmetrical) is the size
of the within-person standard deviation in intake relative to the
mean intake. When the SD of daily intake is high enough so that the
CV of daily intake is larger than approximately 60 to 70 percent,
then the approach proposed here is not appropriate. Appendix
Tables B-2 and B-3 indicate that for vitamin A, carotenoids,
vitaminC, and vitamin E, among others, the CV of daily intake is
very large, above 70 percent. For those nutrients, it would be incor-
rect to apply the method described in this section to assess adequacy
of an individual’s diet. At this time, no alternative can be offered, as
much research is needed in this area.

It is also possible to calculate observed nutrient intake levels with
an 85 or 97.5 percent confidence of inadequacy. Intakes with a high
probability of inadequacy are below the EAR. For confidence (at
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97.5 percent) that an observed intake is below an individual’s require-
ment, it is necessary to have either a large number of days of intake
or for the intake to be substantially below the EAR. Taking magne-
sium for women 19 through 50 years of age as an example, with 7
days of observed intake, an intake of about 180 mg/day (compared
with the EAR of 265 mg/day) would have a high probability (97.5
percent) of being below an individual’s requirement. However, it is
often the case that a nutrition professional wants to have a high
level of confidence when concluding that intakes are adequate but
will find a much lower level of confidence acceptable when con-
cluding that intake is inadequate. For example, even if the probability
of inadequacy was only 50 percent, most professionals would urge a
client to try to increase intake of that nutrient. One would want to
be much more certain before concluding that a client’s intake was
adequate and that no action to improve intake was needed.

Thus, for practical purposes, many users of the DRIs may find it
useful to consider that observed intakes below the EAR very likely
need to be improved (because the probability of adequacy is 50
percent or less), and those between the EAR and the RDA probably
need to be improved (because the probability of adequacy is less
than 97.5 percent). Only if intakes have been observed for a large
number of days and are at or above the RDA, or observed intakes
for fewer days are well above the RDA, should one have a high level
of confidence that the intake is adequate. It is hoped that computer
software will be developed that will compute these probabilities (as
described in Appendix B), thus offering more objective alternatives
when individual intakes are evaluated.

In summary, for nutrients for which an EAR has been established,
it is possible to assess the adequacy of an individual’s usual intake
for a nutrient. The approach described above takes into account
the uncertainty about the true value of the individual’s usual intake,
and also the uncertainty about the individual’s requirement for the
nutrient. The method cannot be employed when the distribution of
requirements for the nutrient is skewed (as in the case of iron
requirements for menstruating women), or when the distribution
of daily intakes for an individual is not normal (as is the case with
nutrients for which the CV of intake has been calculated to be above
60 to 70 percent, see Appendix Tables B-2 through B-5). There are
three additional sources of potentially large error when using this
approach to assessing an individual’s intake:

• The assumed 10 percent CV estimate applied to many nutrients
to date (IOM, 1997, 1998b, 2000) may not be a reliable estimator of
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the SD of requirement. Since the SD of requirement is an important
component of the SDD, an inaccurate value for the SD of require-
ment will result in an inaccurate value for SDD and hence the ratio
of D/SDD.

• The SD of daily intake for the individual is considerably larger
(or smaller) than the pooled SD of daily intake obtained from CSFII
(or from the National Health and Nutrition Examination Survey).

• The individual’s intake is underreported, so that the mean
observed intake is a biased estimator of the individual’s usual intake.

The described approach should not be used in isolation from
other information available to nutrition professionals. Most profes-
sionals combine the nutrient intake data with other sources of infor-
mation such as food guides and answers to questions about whether
intake was typical or atypical.

This statistical approach to individual assessment is based on quan-
titative dietary records and recalls, where the method for deriving
the error term (the within-person standard deviation of intakes) is
known and easy to apply. Many researchers and health professionals
use other methods of estimating usual intakes, such as food fre-
quencies or diet histories, or a combination of various methods.
With alternative assessment methodologies, the overall objective of
the assessment remains the same—to determine whether usual intake
by the individual exceeds the individual’s requirement—and pro-
fessionals must rely on estimates of both usual intake and require-
ment. The important consideration is that different methodologies
for determining dietary intake have different sources and magni-
tudes of random error in estimating usual intake—the equivalent of
the within-person standard deviation of intake discussed above—
and may not provide adequate quantitative estimates of total nutri-
ent intake over the period of observation. Additional discussion of
dietary intake measurement instruments is provided in Chapter 8.
However, a detailed discussion of these methods is beyond the scope
of this report, and users will need to turn to other sources to find
estimates of the error associated with alternative methods for esti-
mating usual intake.

Using the AI

If an AI must be used to interpret dietary intake data because an
EAR has not been set, the process described above cannot be used
in the same way. Before discussing a statistical approach to individual
assessment for nutrients with an AI, it is critical to emphasize the
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difference between these two DRIs. The EAR represents the median
nutrient requirement of a given life stage and gender group, and by
definition, an intake at the level of the EAR will be inadequate for
half the group. In contrast, the AI represents an intake (not a
requirement) that is likely to exceed the actual (but unknown)
requirements of almost all healthy individuals in a life stage and
gender group. In this respect it is analogous to the RDA; however,
because of the nature of the data used to establish AIs, they may
often be higher than the RDA would be if appropriate data were
available to calculate one.

The approach discussed previously to assess nutrient adequacy
compares an individual’s observed intake to the EAR, and considers
variability in both intakes and requirements when determining how
confident one can be in concluding that an individual’s intake is
adequate. In other words, intakes are compared to the median require-
ment. In the case of the AI, however, intakes are compared to an
intake value in excess of the median requirement, perhaps by a very
large margin. Thus, when intakes are compared to the AI, all one
can truly conclude is whether intake is above the AI or not.
Although an intake that is significantly above the AI is certainly
adequate, intakes below the AI are also likely to be adequate for a
considerable proportion of individuals. Thus, great caution must be
exercised when interpreting intakes relative to AIs.

What conclusions can be drawn about individual intakes for nutrients
with AIs?

First, if an individual’s usual intake exceeds the AI, it can be concluded
that their diet was almost certainly adequate. However, if their usual intake
falls below the AI, no quantitative estimate can be provided of the likelihood
of nutrient inadequacy.

Risk of inadequacy increases at some point below the AI. If the
usual nutrient intake from all sources was zero, the risk of inade-
quacy would be virtually 100 percent. However, because the point
where risk increases cannot be determined, quantitative estimates
of risk cannot be made.

Even if the observed intake is above the AI, it should not be
assumed that usual intake is above the AI unless a large number of
days of intake data were collected. As discussed in the previous sec-
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tion on the EAR, it is difficult to collect dietary intake data that truly
reflect usual intake.

Can an approach similar to the one described earlier be devel-
oped to assess whether an individual’s usual intake is above the AI?
The answer to this question is yes, but with some reservations. When
the EAR is not available, there is no information about the distribu-
tion of requirements in the population. One can, nonetheless, test
whether an individual’s usual intake exceeds the AI, and if so, con-
clude that the individual’s usual intake is likely to be adequate. A
test similar to the one presented in the preceding section incorpo-
rates the day-to-day variability in intakes in order to determine
whether usual intake for the individual is above the AI.

As an example, consider a nutrient for which the AI has been
determined to be 500 units/day, the individual being assessed is a
woman 40 years of age, with three dietary recalls, and a mean observed
intake of 560 units/day. The SD of daily intake for this nutrient is 50
units (as might be listed in Appendix Table B-2). To decide whether
the woman’s usual intake is above the AI, one would follow these
steps:

1. Compute the difference between the woman’s observed mean
intake and the AI. In this example, the difference is 560 – 500 = 60
units.

2.Divide the difference by the SD of daily intake over the square
root of the number of days of intake available for the woman. In
this example, 50/ 3  = 29, and 60/29 = 2.07.

3. Compare 2.07 to the tabulated values shown in Appendix Table
B-6, and find the confidence level with which one could conclude
that the woman’s usual intake was above the AI. In this case, 2.07
corresponds to a high confidence level of about 98 percent.

For this woman, it can be confidently concluded that her usual
intake of the nutrient is at or above the AI and thus adequate. This
procedure, therefore, can be used to determine whether usual intake
is larger than the AI given the observed intake for a few days.

Given an observed mean intake for the individual the confidence
with which one can determine usual intake to be above the AI
depends on: (1) the number of days of observed intake available for
the individual, and (2) the SD of daily intake for the nutrient. An
example using calcium intake is provided in Table 3-2. In this exam-
ple, observed mean intake of calcium relative to the AI for calcium
is assessed for a woman 40 years of age. Different numbers of daily
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TABLE 3-2 Illustration of the Computations Necessary to Test
Whether Usual Intake Is Above the Adequate Intake (AI) for
Different Numbers of Days of Observed Intake for a Woman
40 Years of Age

Using SD If SD is 25 If SD is 50
from CSFIIa Percent Larger Percent Larger

Mean intake 1,200 mg 1,200 mg 1,200 mg
SD of intakeb 325 mg 406 mg 488 mg
AI for calciumc 1,000 mg 1,000 mg 1,000 mg

z-Values = (mean intake – AI)/(SD/square root [n])
1 d of intake 0.61 0.49 0.41
3 d of intake 1.07 0.85 0.71
7 d of intake 1.69 1.30 1.08

Percentage confidence that the woman’s usual intake exceeds the AId

1 d of intake 73 69 66
3 d of intake 86 80 76
7 d of intake 95 90 86

NOTE: The confidence with which one can conclude that usual intake is greater than
the AI decreases when the number of days of daily intake records for the individual
decreases, or when the SD of daily intake increases.
a SD = standard deviation; CSFII = Continuing Survey of Food Intake by Individuals.
b SD of calcium intake for women 19 through 50 years of age taken from CSFII (Appen-
dix Table B-2).
c Adequate Intake for women 31 through 50 years of age.
dConfidence values were taken from a standard z-table (Snedecor and Cochran, 1980).
The z-table is used because the SD of daily intake is assumed to be known (e.g., from
CSFII), and is not computed from the woman’s daily observations.

intake records and different SDs of daily intake for calcium were
assumed. For each case, the confidence with which one would con-
clude that her usual intake is above the AI was calculated and is
shown in the table.

If one can conclude that in fact usual intake appears to be larger
than the AI with desired accuracy, then there is considerable assur-
ance that the individual’s intake is adequate. However, if the test
does not result in the conclusion that usual intake is larger than the
AI with the desired precision, then it cannot be inferred that intake
is inadequate.

As discussed earlier, this approach is not appropriate when daily
intakes for an individual are not approximately normally distributed.
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TABLE 3-3 Qualitative Interpretation of Intakes Relative to
the Adequate Intake (AI)

Intake Relative to AI Suggested Qualitative Interpretation

Greater than or equal to the AI Mean intake is likely adequate if observed
over a large number of days

Less than the AI Adequacy of intake cannot be determined

Any nutrient for which the CV of daily intakes exceeds about 60 to
70 percent has a skewed daily intake distribution and therefore the
test described here cannot be applied. In those cases, a qualitative
interpretation of the observed mean intake may be all that is avail-
able. Table 3-3 gives some guidance on to how to interpret mean
observed intake relative to the AI qualitatively.

Using the UL

If a nutrient has a UL, that value can be used to assess the likeli-
hood that an individual may be at risk of adverse affects from high
intake of the nutrient. Doing so requires a good understanding of
the definition of the UL and the type of intake (e.g., foods, fortified
foods, and/or supplements) that should be considered during the
assessment.

The UL is a level of chronic daily nutrient intake that is likely to
pose no risk of adverse health effects for almost all individuals in
the general population, including sensitive individuals. For many
nutrients, the UL reflects intake from all sources, including food,
water, nutrient supplements, and pharmacological agents. However,
in some cases the UL applies only to intakes from fortified foods
and supplements or intakes from supplements only. As stated previ-
ously (see Chapter 1), ULs do not represent optimal or desirable
intakes but instead are intakes that should generally not be exceeded
by healthy individuals. An occasional intake above the UL by a small
margin is not a reason for major concern. However, because it is
not possible to know who is most susceptible to adverse effects of
intakes above the UL, such intakes should be avoided.
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What if an individual has an intake above the UL on a chronic basis? For
example, what if a person’s magnesium intake from a nonprescribed ant-
acid is 500 mg per day and the UL for magnesium (based on supplemen-
tal intake only) is 350 mg?

The most prudent advice in this situation would be to recommend that the
individual reduce intake to below the UL. In this example, choosing a differ-
ent type of antacid might be appropriate.

The consequences associated with nutrient excess—severity and
reversibility of the adverse effect—vary for different nutrients. More-
over, little is known about nutrient-nutrient interactions at high
doses. Without good evidence for an expected benefit, or unless
under the supervision of a physician, there is no justification for
intake above the UL.

If an individual decides to take a supplement for nontherapeutic purposes,
should a supplement that contains the UL of a nutrient be selected?

No, supplements should not be chosen on this basis.

Use of a supplement containing the UL for a nutrient, when com-
bined with intakes from foods, would place the individual at poten-
tial risk of adverse effects. Accordingly, a supplement which contains
nutrients at levels below, or approximating the RDA or AI would be
a more appropriate choice.

A test similar to the one described in the preceding section for
the AI can be implemented to decide whether usual intake is below
the UL given the observed mean intake. The test is constructed in
exactly the same manner, but now the UL is subtracted from the
mean observed intake for the individual. Again, this test cannot be
used for nutrients with a large CV of daily intake such as vitamin A,
vitamin B12, vitamin C, and vitamin E (see Appendix Tables B-2 and
B-3).

An example similar to the one presented in Table 3-2 is presented
in Table 3-4. In the example, again the assessment is for a woman
who is 40 years old.  This woman has a normal activity pattern,
energy intake not exceeding 2,500 kcal/day, and a mean phospho-
rous intake of 3.8 g (see IOM [1998b] for discussion of high phos-
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TABLE 3-4 Illustration of the Computations Necessary to Test
Whether an Individual’s Usual Intake of Phosphorus Is Below
the Tolerable Upper Intake Level (UL) for Different Numbers
of Days of Observed Intake for a Woman 40 Years of Age

Using SD If SD is 25 If SD is 50
from CSFIIa Percent Larger Percent Larger

Mean intake 3.8 g 3.8 g 3.8 g
SD of intakeb 0.4 g 0.5 g 0.6 g
UL for phosphorusc 4.0 g 4.0 g 4.0 g

z-Values = (mean intake – UL)/(SD/square root [n])
1 d of intake –0.49 –0.39 –0.32
3 d of intake –0.84 –0.68 –0.56
7 d of intake –1.29 –1.03 –0.85

Percentage confidence that the woman’s usual intake is below the UL d

1 d of intake 69 65 63
3 d of intake 80 75 71
7 d of intake 90 85 80

NOTE: The confidence with which one can conclude that usual intake is below the UL
decreases when the number of days of daily intake records for the individual decreases
or when the SD of daily intakes increases.
a SD = standard deviation; CSFII = Continuing Survey of Food Intake by Individuals.
b SD of phosphorus intake for women 19 through 50 years of age taken from CSFII
(Appendix Table B-2).
c Tolerable Upper Intake Level for women 31 through 50 years of age.
dConfidence values were taken from a standard z-table (Snedecor and Cochran, 1980).
The z-table is used because the SD of daily intake is assumed to be known (e.g., from
CSFII), and is not computed from the woman’s daily observations.

phorous intakes associated with high energy expenditure).  The UL
for phosphorus has been determined to be 4.0 g/day, and the SD of
phosphorous intake, from CSFII, is 0.41 g.  Given that her observed
mean intake is below the UL, can we conclude with desired assur-
ance that her usual intake of phosphorus is below the UL and that
she is not at potential risk of adverse health effects? Again, situa-
tions are shown with 1, 3, and 7 days of intake data.

From the example in Table 3-4, it can be seen that even when
observed mean intake is less than the UL, sometimes it cannot be
concluded with desired accuracy that usual intake is also below the
UL. When only one day of intake data is available for the individual,
one would have only between 63 and 69 percent (depending on the
SD of daily intake) confidence in concluding that her intake of 3.8 g
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reflects a usual intake below the UL. In this example, only the 7
days of intake data provide levels of confidence of 85 to 90 percent
for concluding that this woman’s usual intake is below the UL given
her observed mean intake.

Since this test would be conducted only in cases where the observed
mean intake for the individual is high enough to suggest a problem,
the SD of daily intake as calculated in CSFII or the National Health
and Nutrition Examination Survey may underestimate the individual’s
true SD of daily intake. This is because there is some evidence that
the SD of daily intake increases as the mean intake increases (Nusser
et al., 1996).  Using a SD of daily intake that is too small may lead to
the conclusion that usual intake is below the UL when in reality it is
not (at a given level of assurance).

As described previously, this test can be performed when daily
intakes can be assumed to approximate a normal distribution. An
indication that daily intakes are not normally distributed is a high
CV of intake. From Appendix Tables B-2 through B-5, it can be seen
that for several nutrients the CV of daily intake is above 60 to 70
percent. In those cases, this test approach is not recommended,
and one should make a qualitative assessment of the individual’s
intake. Table 3-5 presents qualitative interpretations of an individual’s
intake in relation to the UL. The impact of within-person variation
at high intake levels (e.g., levels approaching the UL) has not been
studied extensively.

When using the proposed method it is important to note that the
pooled estimates of the within-person standard deviation of intakes
in Tables B-2 to B-5 are based on data on nutrients from food only,
not food plus supplements.  This suggests the need for caution in
using these estimates in assessing individual intakes relative to the
UL.  For some nutrients, ULs are defined on the basis of total intake
(food plus supplements), and the estimates of the within-person

TABLE 3-5 Qualitative Interpretation of Intakes Relative to
the Tolerable Upper Intake Level (UL)

Intake relative to the UL Suggested Qualitative Interpretation

Greater than or equal to the UL Potential risk of adverse effects if observed
over a large number of days

Less than the UL Intake is likely safe if observed over a large
number of days
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standard deviation of intakes based on food alone may not be the
same as those based on food plus supplements.  For other nutrients,
ULs refer only to nutrient intake from food fortificants, supple-
ments, and pharmacological products.  In these cases, the proposed
methods are even less reliable, as currently there are no estimates
of the within-person standard deviation of intakes from supplement
use alone.

APPLICATIONS

The following examples show how the Dietary Reference Intakes
(DRIs) might be used as part of an assessment of an individual’s
diet. Note that information other than intake relative to the DRIs is
also considered, and in many instances may provide data that are
more useful in the assessment than are the nutrient intakes.

Application 1. Assessing the Diet of an Older Individual in an
Assisted Living Setting

Background and Data

Mr. G is a 78-year-old man who lives in an assisted-living institu-
tion where he eats most of his meals in the dining room. He does
not currently take supplements. By observing what he eats, it is possi-
ble to obtain direct estimates of his dietary intake, rather than rely
on his reports alone, and this is done for several days. Anthropo-
metric data (weight changes), physical activity level, and other infor-
mation on his health status are available.

Question

The nutritionist who is a consultant to the assisted living facility
wants to determine whether Mr. G’s food intake is sufficient to meet
his nutrient needs.

Assessment

Because it is difficult to determine energy balance, even from
several days of intake, the nutritionist determines whether Mr. G is
maintaining weight. This is a much more direct method of assessing
the adequacy of his energy intake than estimating his caloric intake.
In addition to such non-dietary evaluations, the nutritionist obtains
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an indication of the adequacy of his intake of other nutrients by
comparing them to the appropriate DRIs. The assessments that
might be made are shown in Table 3-6 for several nutrients from
Mr. G’s dietary record analysis.

Application 2: Assessing the Diet of a Young Woman
Planning a Pregnancy

Background

Ms. T, who is a health-conscious 30-year-old woman, consults a
nutritionist in private practice. Before her visit, she keeps a 7-day
record of her food and supplement intake, which has been analyzed
using a computer program.

Question

Before she becomes pregnant, Ms. T wants to know whether her
diet is optimal.

Assessment

With the caveat that 7 days is not long enough to provide accurate
information on her usual nutrient intake, her mean observed intake
can be evaluated relative to the DRIs. For nutrients with an Estimated
Average Requirement (EAR), the nutritionist should calculate the
confidence of adequacy using the algorithms described in Appendix
B and summarized in this chapter. For nutrients with an Adequate
Intake (AI), her intake was adequate if it was likely to exceed the AI
(as concluded from the test described in this chapter), whereas no
conclusive assessment can be made if her intake was below the AI.
Finally, if her intake was not below the Tolerable Upper Intake
Level (UL) (as concluded from the test described in this chapter),
one would conclude that her usual intake is excessive and she is
potentially at risk of adverse effects. This assessment is not appro-
priate for nutrients with highly skewed requirement distributions
(e.g., iron) or large coefficients of variation (CVs) of intake (e.g.,
vitamin A, vitamin B12, vitamin C, and vitamin E).

Note that data on nutrient intake in relation to the DRIs are only
one component of the assessment, and would be interpreted in
conjunction with other types of information before counseling was
offered. For example, additional information could include: her
recent weight history (as an indicator of the likely adequacy of her
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USING DRIs FOR NUTRIENT ASSESSMENT 69

energy balance); other information about her diet (to determine
how typical her intake was during the 7-day period); whether Ms. T
was consuming fortified foods or supplements containing 400 µg of
folate (as recommended for women capable of becoming preg-
nant), a recommendation distinct from the Recommended Dietary
Allowance (RDA) and intended to minimize the risk of neural tube
defects; and additional information about her lifestyle (e.g., physi-
cal activity, use of alcohol).

SUMMARY

The Dietary Reference Intakes (DRIs) can be used in assessment
of the apparent adequacy or excess of an individual’s dietary intake.
Such an assessment requires using the individual’s observed mean
intake as an estimate of long-term usual intake and using the Esti-
mated Average Requirement (EAR) of the appropriate life stage
and gender group as an estimate of the individual’s requirement.

For nutrients with an EAR and Recommended Dietary Allowance
(RDA), the individual’s observed intake in conjunction with mea-
sures of variability of intakes and requirements can be used to assess
the likelihood of inadequacy. For nutrients with an Adequate Intake
(AI), the z-test described above for the AI can be applied to deter-
mine if usual intakes are at or above the AI and can thus be assessed
as adequate. For nutrients with a Tolerable Upper Intake Level
(UL), the method described above for the UL can be used to deter-
mine with a given degree of confidence whether an individual’s
usual intake is truly below the UL, and therefore is not at risk of
adverse health effects.

Remember that in all cases, the individual assessments should be
interpreted cautiously, in combination with other types of informa-
tion.
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III
Application of DRIs for
Group Diet Assessment

The focus of Part III is on applying the appropriate DRIs for
dietary assessment of groups.

Chapter 4 provides the statistical basis for the use of the Estimated
Average Requirement (EAR) in assessing nutrient adequacy of groups.
The chapter begins with a basic discussion of the concept of assess-
ing the prevalence of inadequate nutrient intakes and then develops
the statistical approaches for estimating this prevalence.  Assump-
tions required for the use of the statistical approaches are discussed,
as is the need for adjusting intake distributions.

Using the Adequate Intake (AI) for group-level assessment of
nutrient adequacy is discussed in Chapter 5.  Guidance on the
extent to which the Tolerable Upper Intake Level (UL) can be used
to estimate the prevalence of risk of adverse effects in groups is
provided in Chapter 6.

Specific guidance with examples on appropriate applications of
the DRIs for group assessment purposes is provided in Chapter 7.
In this chapter, the methodological approaches described in Chap-
ters 4, 5, and 6 are applied to some of the specific uses of dietary
reference standards reported in Chapter 2.  Three specific applica-
tions are presented and discussed.
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4
Using the Estimated Average

Requirement for Nutrient
Assessment of Groups

This chapter describes the use of Estimated Average Requirements
(EARs) for assessing the nutrient intakes of groups. It begins with a
basic discussion of how to assess conceptually the prevalence of
inadequate nutrient intakes and then develops statistical approaches
for estimating this prevalence. For some nutrients (those with Ade-
quate Intakes [AIs] rather than EARs such as calcium, vitamin D,
fluoride, pantothenic acid, biotin, and choline), the amount and
quality of data currently available for both nutrient intakes and
requirements may not be sufficient to apply these statistical models
in their entirety for purposes of research and policy. Moreover, in
addition to assessing nutrient intakes, assessment of health and
nutritional status of groups or individuals must include biochemical,
clinical, and anthropometric data.

INTRODUCTION

Individuals in a group vary both in the average amounts of a
nutrient they consume and in their requirements for the nutrient.

To accurately determine the proportion of a group that has a
usual intake of a nutrient less than the requirement, information
on both usual intakes and nutrient requirements for each individual
in the group is needed. With this information, assessing how many
individuals have intakes that do not meet their individual require-
ments is straightforward. They can just be counted. That is, deter-
mine whether each person’s usual intake is below his or her require-
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74 DIETARY REFERENCE INTAKES

ment, and then count the number of people in the group who do
not meet their requirement.

What proportion of individuals in a group has a usual intake of a nutri-
ent that is less than the requirement for that nutrient?

This is one of the most basic questions that can be asked about nutrient
intakes, and is critically important from a public health perspective. Clearly,
the implications would differ if 30 versus 3 percent of individuals in the
population had usual intakes that were inadequate to meet estimated needs.
Presented in this chapter is an abbreviated description of a statistical approach
to estimating the prevalence of inadequate intakes—the probability approach
and a shortcut to the probability approach referred to as the EAR cut-point
method. Both of these require the use of the EAR.

Consider a purely hypothetical example of a group comprised of
24 individuals, whose intakes of and requirements for a nutrient are
known. The data for these individuals are plotted in Figure 4-1.

In this figure, the 45° line represents the points at which intake
equals requirement. The individual labeled “A” in the plot has an
intake of the nutrient of 7 units and a requirement for the nutrient
of 11 units. Points that fall below (or to the right of) the 45° line are
for individuals whose usual intakes are greater than their require-
ments, whereas points above (or to the left of) the line (the shaded
area) are for individuals whose usual intakes are less than their
requirements. Six individuals have inadequate intakes, correspond-
ing to the six points above the line. Thus, for this group, the preva-
lence of inadequate intakes is (6/24) × 100, or 25 percent.

A second example illustrates the same approach with a larger sam-
ple. Figure 4-2 shows hypothetical intakes and requirements for a
nutrient in a group of 3,000 people. Both the requirement distribu-
tion and the intake distribution are assumed to be normal, and not
correlated. That is, people who have high requirements do not have
a tendency to consume more and thus have greater intakes. The
average requirement for the nutrient is 1,200 units and the stan-
dard deviation of the requirement is 180 units. The mean of the
usual intakes of 3,000 people is 1,600 units and the standard devia-
tion for intake for this group is 450 units. Note that the average
usual intake (1,600) is greater than the average requirement (1,200)
and that there is more variability (spread) in intakes than there is in
requirements. This is the usual situation for most nutrient intakes
and requirement distributions.
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FIGURE 4-1 Plot of usual intakes and requirements of 24 hypothetical individuals
in a group. The 45° line represents the points where nutrient intake equals nutrient
requirement. Thus, the points to the right of the line are those individuals whose
intakes are greater than their requirements. The points to the left of the line (the
shaded area) are those individuals whose intakes are less than their requirements.

As before, the 45° line in Figure 4-2 denotes those individuals
whose usual intake equals their own requirement. Determining the
proportion of individuals in the population with inadequate intakes
is simply done by counting how many points fall above the line (the
shaded area).

Note from this example: Even though the average usual intake is 25
percent higher than the average requirement (1,600 vs. 1,200 units), some
people in the population still have intakes below their requirements. Simply
comparing the average intake to the average requirement does not answer the
question about how many in a group have inadequate intakes.
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FIGURE 4-2 Plot of usual intakes and requirements of 3,000 hypothetical individ-
uals in a population. By counting the points that fall to the left of the 45° line
where intakes equal requirements (the shaded area), the proportion of the popu-
lation with inadequate intakes can be determined.

Unfortunately, collecting data on the joint distribution of usual
intake and requirements, such as those presented in Figures 4-1
and 4-2, is impractical because rarely is an individual’s requirement
known (if it were, it could be used to answer the question). There-
fore, rather than observing the prevalence of inadequate intakes in
the group, the prevalence can only be approximated by using other
methods. The next two sections describe statistical approaches to
estimating the prevalence of inadequate intakes—the probability
approach (NRC, 1986) and a shortcut to the probability approach
called the EAR cut-point method (Beaton, 1994; Carriquiry, 1999).

THE PROBABILITY APPROACH

The data typically available for nutrient assessment include esti-
mated univariate distributions of usual intakes for a group of indi-
viduals and information from estimated univariate distributions of
nutrient requirements of other groups that are similar to the group
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of interest. These univariate distributions can be combined and the
prevalence of inadequate nutrient intakes can be estimated statisti-
cally by using the probability approach (NRC, 1986).

The probability approach relates individual intakes to the distribu-
tion of requirements. The probability approach applies a continuous
risk-probability function to each individual’s estimated intake and
then averages the individual probabilities across the population or
group. The first step in applying the probability approach is to con-
struct a risk curve using the information on the requirement distri-
bution of the group (median and variance). The risk curve specifies
the probability that any given intake is inadequate for the individual
consuming that intake. Figure 4-3 shows an example of a risk curve.
An intake at the level of the average requirement has a probability
of inadequacy of approximately 50 percent for all nutrients whose
requirements follow a normal distribution.

The risk curve in Figure 4-3 is from a hypothetical nutrient require-
ment distribution. For simplicity, the requirements are normally dis-
tributed and the mean requirement is 100 units. Intake less than 50
units is associated with 100 percent risk of inadequacy whereas
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FIGURE 4-3 Risk curve from a normal requirement distribution having a mean of
100 units. Intakes less than 50 units are associated with 100 percent risk of inade-
quacy while intakes above 150 units have 0 percent risk of inadequacy. Intake
equal to the mean requirement of 100 units has a 50 percent risk of inadequacy
(the definition of the Estimated Average Requirement [EAR]).
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FIGURE 4-4 Risk curve combined with a usual intake distribution where the mean
intake is less than the Estimated Average Requirement (EAR). The mean of the
usual intake distribution is 50 units and the majority of the intake values are less
than 90 units. At 90 units, the risk of inadequacy is about 75 percent. Therefore, in
this population, the probability of inadequacy is high.

intake greater than 150 is associated with 0 percent risk. As usual
intake increases from 50 to 150 units, the risk of inadequacy associ-
ated with a specific intake declines.

The next step in the probability approach is to compare the risk
curve to the distribution of usual intakes for the population to deter-
mine what proportion of the population has an inadequate intake.
Figures 4-4 through 4-6 illustrate the relationship between the risk
curve and the distribution of usual intakes in situations represent-
ing populations with high, medium, and low probabilities of inade-
quate intakes.

The example in Figure 4-4 shows what would happen when the
usual intake distribution has a mean of about 50, and consists almost
entirely of values less than 90. Because an intake of 90 units is asso-
ciated with a risk of inadequacy of about 75 percent, almost all
individuals in the population have intakes that reflect high risk of
inadequacy. For a population with this distribution of intakes, the
probability of inadequacy is—from visual inspection of the figure—
very high. The average risk of inadequacy in this population is well
above 75 percent as indicated in Figure 4-4 because the vast majori-
ty of intakes are below 90.
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A second scenario shown in Figure 4-5 illustrates a different usual
intake distribution with a mean of about 150 units and most of the
values above 100. Most intakes fall to the right of the risk curve
which translates to a lower population risk. Only individuals with
intakes below 130 units (shaded area) have a risk of inadequacy
above 5 percent.

More commonly though, a greater degree of overlap exists between
the risk curve and the usual intake distribution. A more realistic
example is provided in Figure 4-6. In this example, the usual intake
distribution is for a population with a mean intake of 115 units and
a standard deviation of 20 units. As expected, when the mean intake
is 115 units and mean requirement is 100 units, some individuals
are at risk of inadequacy (shaded area) and some are not. For exam-
ple, about half of the population has a usual intake that exceeds
115 units, which is associated with a risk of 25 percent or less. An
intake of 110 has about a 35 percent probability of inadequacy, an
intake of 100 units (the median requirement) has about a 50 per-
cent probability of inadequacy, and an intake of 80 units has about
an 85 percent probability of inadequacy.
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FIGURE 4-5 Risk curve combined with a usual intake distribution where the mean
intake is much higher than the Estimated Average Requirement (EAR). Nearly the
entire intake distribution falls to the right of the risk curve. Only those individuals
in the population with intakes below 130 units have a risk of inadequate intake
(shaded area).
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FIGURE 4-6 Risk curve combined with a usual intake distribution where mean
intake (115 units) is slightly higher than the Estimated Average Requirement
(EAR) (100 units). The risk curve and usual intake distribution have significant
overlap. The proportion of individuals at risk of inadequacy (shaded area) at the
mean intake is about 25 percent. The risk of inadequacy increases as intake
becomes closer to the EAR.

Determining the prevalence of inadequate intakes for the popula-
tion will depend on how many people have each particular value of
intake and what the distribution of intakes looks like. Appendix C
demonstrates how to carry out the necessary calculations to obtain a
prevalence estimate for the group. Statistical programs (such as SAS
or similar software) can be used to carry out these procedures.

Two key assumptions underlie the probability approach: (1) intakes
and requirements are independent, and (2) the distribution of
requirements is known.  Frequently, it is assumed that the distribu-
tion of requirements is normal; however for some nutrients, such as
iron for menstruating women, this assumption is not warranted
(some women have very large menstrual losses of iron, which leads
to a distribution that is positively skewed—i.e., more women have
higher requirements than indicated by a normal distribution). For
other nutrients the numbers of people for whom requirements have
been experimentally determined is so small that it is just not possi-
ble to determine whether the assumption of normality is warranted
(IOM, 1997, 1998b, 2000; NRC, 1986, 1989).
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THE EAR CUT-POINT METHOD

The Estimated Average Requirement (EAR) cut-point method,
proposed by Beaton (1994), is a shortcut derived from the probability
approach described above. In contrast to the probability approach,
the EAR cut-point method simply requires the distribution of require-
ments to be symmetrical. It is not necessary to know the actual
variance of the requirement distribution, only its size relative to the
intake variance. Like the probability approach, the EAR cut-point
method requires knowledge of the median requirement (the EAR)
for the nutrient and the distribution of usual intakes in the popula-
tion.

Table 4-1 summarizes whether nutrients for which Dietary Refer-
ence Intakes (DRIs) have been established as of this writing (IOM,
1997, 1998b, 2000) meet the assumptions necessary to apply the
EAR cut-point method for assessing the prevalence of inadequacy
for groups.

The cut-point method is very simple. The population prevalence
of inadequate intakes is computed as the proportion of the group

Box 4-1 The EAR cut-point method—what it is, and why it works

This method is very straightforward, and surprisingly, can sometimes be as
accurate as the probability approach. With this method, the population prev-
alence of inadequate intakes is simply the proportion of the population with
intakes below the median requirement (EAR). Modest departures from any
of the assumptions listed below are likely to have only a small effect on the
performance of the EAR cut-point method. However, the method does not
work with nutrients such as energy where it is known that intakes and require-
ments are highly correlated, or with iron requirements in menstruating wom-
en where the requirement distribution is known to be highly skewed rather
than symmetrical.

This method works well when:

• intakes are accurately measured
• actual prevalence in the group is neither very low nor very high
• estimated usual intakes of individuals are independent of each indi-

vidual’s requirement
• the distribution of requirements is approximately symmetrical
• variability in intakes among individuals in the group is greater than the

variability in requirements of the individuals.
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TABLE 4-1 Summary of Nutrients to Date with Dietary
Reference Intakes (DRIs), and Whether They Meet the
Assumptions Necessary to Apply the Estimated Average
Requirement (EAR) Cut-Point Method for Assessing the
Prevalence of Inadequacy for Groups

Established DRIsa

Nutrient EAR RDA AI UL

Magnesium + + +
Phosphorus + + +
Selenium + + +
Thiamin + +
Riboflavin + +
Niacin + + +
Vitamin B6 + + +
Folate + + +
Vitamin B12 + +
Vitamin C + + +
Vitamin E + + +
Calcium + +
Fluoride + +
Biotin +
Choline + +
Vitamin D + +
Pantothenic Acid +

a RDA = Recommended Dietary Allowance; AI = Adequate Intake—the AI cannot be
used with the EAR cut-point method; UL = Tolerable Upper Intake Level.
b Although there is little information on the variance of requirements, DRIs published
to date have assumed a coefficient of variation (CV) of 10 or 15 percent. Variance of
intake as calculated from the Continuing Survey of Food Intakes by Individuals 1994–

with intakes below the median requirement (EAR). In the example
used when discussing the probability approach, population preva-
lence according to the EAR cut-point method would be the propor-
tion of individuals with usual intakes below 100 units, the EAR.

Figure 4-7 illustrates the EAR cut-point method. The shaded area
corresponds to the proportion of individuals in the group whose
intakes are less than the EAR and the unshaded area corresponds
to the proportion with usual intakes greater than the EAR. A discus-
sion of why this approach works follows.
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Meets the Assumptions of the Cut-Point Method

Variance of Intake and
Intake is Requirement
Greater than Requirement Independent CV of the
Variance of Distribution or Have Low Requirementd

Requirementb Symmetricalc Correlation (%)

Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 15
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10
Yes Assumed Yes 10

1996 indicates that for all nutrients, intake variance is well above the assumed require-
ment variance.
c Data to determine the shape of requirement distributions are lacking for most nutrients;
therefore, symmetry is assumed unless there are data adequate to indicate otherwise.
d CV of the requirement is needed for the probability approach.

Figure 4-8 shows the same hypothetical (simulated) joint distribu-
tion of intakes and requirements for the group of individuals pre-
sented in Figure 4-2. The figure includes joint intake and require-
ment data from 3,000 people, with a mean intake of 1,600 units and
a mean requirement of 1,200 units. As before, intakes and require-
ments are independent (i.e., individuals with higher intakes are not
more likely to have higher requirements).

As discussed earlier, the proportion of the population with inade-
quate intakes could be obtained simply by counting the people who
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FIGURE 4-7 The Estimated Average Requirement (EAR) cut-point method. The
shaded area represents the proportion of individuals in the group whose intakes
are below the EAR, while the unshaded area represents the proportion with usual
intakes above the EAR.

were above the 45° line. Most of the people who do not meet their
requirements have intakes below 1,200 units—the median require-
ment, denoted in Figure 4-8 by the vertical line labeled intake =
EAR. However, some individuals who have intakes greater than the
EAR are still below their own individual requirements. The points
for these individuals fall within the triangle-shaped area (referred
to here as a triangle) A in Figure 4-8, bounded by the intake = EAR
line and the 45° line to the right of the intake = EAR line. Converse-
ly, some of the people who have intakes less than the EAR do not
have inadequate intakes—even though their intakes are below the
median requirement of the group, they are still exceeding their
individual requirements. The points for these people fall within
triangle B in Figure 4-8, bounded by the intake = EAR line and the
45° line to the left of the intake = EAR line.

Unfortunately, it is very difficult to identify individuals represented
by points in triangle A (intake greater than the EAR but less than
the individual requirement), because information would be needed
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FIGURE 4-8 Joint distribution of intakes and requirements from a hypothetical
population of 3,000 individuals. Intakes are independent of requirements. The
mean intake is 1,600 units and the median requirement (Estimated Average
Requirement [EAR]) is 1,200 units. The triangle labeled A is bounded by the
intake = EAR line and the 45° line where intake = requirement. Points above the
45° line (shaded area), represent those individuals whose intakes are above the
EAR, but below their own individual requirement. Individuals in triangle B have
intakes below the EAR, yet above their own requirement. The number of people in
triangle A is approximately equal to the number in triangle B.

on both their usual intake and their requirement and such informa-
tion is rarely available. A similar number of individuals are repre-
sented by points in triangle A and in triangle B, and therefore the
number above the 45° line (where intake = requirement) can be
approximated by counting the number to the left of the intake =
EAR line. Essentially, the EAR cut-point method substitutes the indi-
viduals in B for the individuals in A. It is easier to count the number
of individuals to the left of the intake = EAR line than those above
the 45° line because this only requires information on each individ-
ual’s intake. Therefore, to use this method, the only information
required is each individual’s usual intake of the nutrient and the
EAR of the group; individual requirements are not needed.
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Because the number of people in triangle A is approximately
equal to the number in triangle B, these two groups cancel each
other out, and the proportion of the population above the 45° line
(inadequate intakes, shaded area of graph) is approximately equal
to the proportion of the population to the left of the intake = EAR
line. In other words, the proportion of the population with intakes
below their requirements (from the joint distribution approach) is
about the same as the proportion of the population with intakes
less than the EAR, even though some of the individuals in these two
groups are not the same.

Box 4-2 The EAR cut-point method—when it works

The EAR cut-point method works best (produces an almost unbiased esti-
mate of prevalence of nutrient inadequacy) when:

1. intakes and requirements are independent
2. the requirement distribution is symmetrical around the EAR
3. the variance in intakes is larger than the variance of requirements
4. true prevalence of inadequacy in the population is no smaller than 8 to

10 percent or no larger than 90 to 92 percent.

If the true prevalence in the group is about 50 percent—so that the mean
intake is approximately equal to the EAR—then the EAR cut-point method
results in almost unbiased estimates of prevalence of inadequacy even if
conditions 1 and 3 are not met (see Appendix D).1

The EAR cut-point method—when it does not work

What happens when the assumptions required for the cut-point method
are not met? In the following section, examples are provided of situations in
which the assumptions do not hold. The cut-point method can either under-
estimate or overestimate the population prevalence of inadequacy under
such circumstances.

1 Estimates of prevalence of inadequacy obtained using the EAR cut-point method
are, by construction, slightly biased except when the mean intake and the EAR are
similar. The relative bias in the prevalence estimate increases as the difference between
the mean intake in the group and the EAR of the nutrient increases. When true
prevalence of inadequacy in the group is moderate (perhaps no less than 10 percent),
the bias in the estimate arising from the EAR cut-point method is negligible as long as
the conditions listed above are met. When true prevalence in the group is very small
(perhaps between 1 and 3 percent), the relative bias can be very large—that is, the
EAR cut-point method may result in an estimate of prevalence of 3 percent when the
true prevalence is 1 or 2 percent.
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The results of some preliminary simulation studies conducted to
assess the performance of the EAR cut-point method in different
situations are presented in Appendix D.

What Happens if Intakes and Requirements Are Not Independent?

Intakes for certain nutrients—energy for example—increase with
increased needs. This leads to a situation in which individuals with
higher requirements usually have higher intakes. In other words,
requirements and intakes are correlated rather than independent.

The implications of this correlation for estimating the proportion
of a population with inadequate intakes can be observed in Figure
4-9, which shows the scatter plot of usual intakes and requirements
sloping upward, reflecting a positive correlation between intake and
requirement. Note the number of data points in triangle A, which
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FIGURE 4-9 Intakes and requirements are positively correlated. In this scenario,
the number of individuals in triangle A is less than the number in triangle B. Using
the Estimated Average Requirement (EAR) cut-point method would overestimate
the number of people with inadequate intakes.
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represent individuals with intakes greater than the EAR, who still
do not meet their requirements (they are to the right of the intake
= EAR line in the shaded area above the 45° line where intake
equals requirement). Next, note the number of data points in trian-
gle B which represent individuals with intakes below the EAR but
whose intakes are adequate. The EAR cut-point method works when
intakes and requirements are independent (see Figure 4-8) and the
number of points in triangles A and B are virtually identical. In
Figure 4-9 there are more points in triangle B than in triangle A.
Accordingly, when usual intake and requirement are correlated,
using the EAR cut-point method (i.e., determining the number of
individuals to the left of the intake = EAR line) would overestimate
the number of people with inadequate intakes (those in the shaded
area above the 45° line where intake = requirement).

This example is illustrative, but does not indicate what the expected
bias resulting from using the cut-point method might be. The bias
of the cut-point method will be severe for energy because the cor-
relation between usual energy intakes and requirements (expenditure)
is high. How severe a bias is expected if the association between
intakes and requirements is not as extreme? This question is diffi-
cult to answer because usual intakes and requirements cannot be
observed for a sufficiently large sample of individuals. However,
limited empirical evidence suggests that the expected bias is likely
to be low as long as the correlation between intakes and require-
ments is moderate—no larger than 0.25 or 0.30 (Carriquiry, 1999).
Furthermore, when the mean intake of a group and the EAR are
approximately the same, the effect of the correlation on the bias of
the cut-point method is likely to be very low even at correlations
greater than 0.30. An exception to this rule is the extreme case in
which the correlation between intakes and requirements of the
nutrient is equal to 1. In this unlikely event, the prevalence esti-
mates obtained from the EAR cut-point method will be severely
biased, even if mean intake and the EAR are identical. This purely
hypothetical case is used in an illustrative example in the next section.

Do the probability approach and the EAR cut-point method work for food
energy?

No, because empirical evidence indicates a strong correlation between energy
intake and energy requirements. This correlation most likely reflects either the
regulation of energy intake to meet needs or the adjustment of energy expendi-
tures to be consistent with intakes (FAO/WHO/UNU, 1985). Because of
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this strong correlation, neither the EAR cut-point method nor the probability
approach can be used to assess the probability of inadequacy of food energy
intake.

The problem with using the EAR cut-point method for food
energy can best be illustrated by considering an admittedly extreme
example of both a perfect correlation between individual intakes
and requirements and mean intake equal to the average require-
ment. Because each individual in the group has a usual intake equal
to his or her requirement, the prevalence of inadequacy is zero.
However, because one-half of the group has usual intakes less than
the average requirement and one-half has usual intakes exceeding
the average requirement, the cut-point method would estimate that
50 percent of the group is at risk of inadequate intakes when, in
fact, the prevalence of inadequacy is zero.

Therefore, to assess energy adequacy, information other than intakes
could be used, such as body weight for height, body mass index, or
other anthropometric measures.

Situations in which nutrient intakes and requirements may be
related to a third variable (e.g., energy and thiamin, body weight
and protein) have not been well studied.

What Happens if the Requirement Distribution Is Not Symmetrical?

A good example of an asymmetrical requirement distribution is
iron requirements in menstruating women. The iron requirement
includes the need to replace urine, fecal, and dermal iron losses,
and this aspect of the requirement does appear to be symmetrically
distributed in the population (FAO/WHO, 1988). For menstruat-
ing women, iron lost in menstrual flow varies considerably—the
mean loss averaged over 1 month has been estimated at 0.5 mg/day
but about 5 percent of women have losses averaging more than 1.4
mg/day (FAO/WHO, 1988; Hallberg et al., 1966). This means that
the distribution of iron requirements in women is skewed—there
are more women with needs 25 percent or more above the mean,
for example, than with needs 25 percent or more below the mean.
In this case, the mean requirement is different from the median
requirement (or EAR) in the group.

Figure 4-10 illustrates this situation, which is modeled after the
information about iron requirements in women given in the FAO/
WHO report of 1988. The median requirement (EAR) is 10 mg but
the distribution of requirements is not symmetrical around the
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FIGURE 4-10 The distribution of requirements is not symmetrical. In this exam-
ple, the number of individuals in triangle A is greater than the number in triangle
B. The Estimated Average Requirement (EAR) cut-point method would result in
an underestimate of the true prevalence of inadequacy. The shaded area repre-
sents individuals with usual intakes less than their requirements. The unshaded
area represents individuals with usual intakes greater than their requirements.

10 mg median horizontal line; virtually no one has a requirement
below about 6 mg but many have requirements above 14 mg (a
similar distance from the median requirement of 10 mg). Put another
way, there is a greater spread of requirements above than below the
median.

In this example, more individuals are represented by points that
fall in the shaded area above the 45° line where intake = require-
ment (and hence have inadequate intakes) than fall to the left of
the intake = EAR line, where they would be estimated as being at
risk by the EAR cut-point method. To continue using the triangle
approach, the number of points in triangle A (greater than the
EAR but still inadequate [shaded area]) is considerably greater than
the number in triangle B (less than the EAR but adequate). Thus,
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when the distribution of requirement is skewed, the EAR cut-point
method results in a biased estimate (in this case, an underestimate) of
the true prevalence of inadequacy.

For which nutrients are the requirement distribution not symmetrical?

One nutrient for which it is known that requirements are not symmetrical
about the EAR is iron in menstruating women. Because requirement data
are so scarce, it is often difficult to investigate the shape of the distribution of
requirements for every nutrient in every life stage and gender group. Indeed,
there is virtually no information on the actual characteristics of any require-
ment distributions except perhaps protein in adult men and iron in adult
women (FAO/WHO, 1988; FAO/WHO/UNU, 1985).

In the absence of additional information about the shape of the
requirement distribution of a nutrient, it is implicitly assumed in
this report (and the DRI nutrient reports) that the unknown distri-
bution is symmetrical around the median requirement (the EAR).

When it is known that the distribution of requirements is skewed,
the full probability approach can be used by computing a risk curve
that reflects the skewed requirements. The FAO/WHO (1988)
adopted a log normal distribution to model iron requirements in
women and applied the probability approach under the log normal
assumption.

The effect of skewness on the bias of the EAR cut-point method is
likely to be significant. Even moderate amounts of skewness in the
distribution of requirements may result in noticeable biases in prev-
alence estimates with the cut-point method. Therefore, when the
distribution of requirements is known to be asymmetrical, as for
iron in menstruating women, the probability approach, not the EAR
cut-point method, is recommended for assessing the prevalence of
nutrient inadequacy.

What Happens if the Variance of Requirement Is
Greater Than the Variance of Intake?

At least in North America, the situation where variation in indi-
vidual requirements is greater than variation in individual usual
intakes is most likely to arise for institutionalized subpopulations—
for example, prison inmates or residents of a long-term care facili-
ty—who are all fed similar diets. Figure 4-11 illustrates this scenario:
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FIGURE 4-11 The variance of requirements is greater than the variance of intakes.
In this case, the number of individuals in triangle A is greater than the number in
B. The Estimated Average Requirement (EAR) cut-point method would under-
estimate the true prevalence of inadequacy. Points in the shaded area represent
individuals with usual intakes below their requirements while points in the unshaded
area represent individuals with usual intake above their requirements.

the median requirement (EAR) has been set at 1,400 units and the
mean of the usual intake distribution has been set at 1,600 units.
Note that although the mean intake exceeds the median require-
ment, there is much more spread in requirements than there is in
intake.

The proportion of the population with inadequate intake (i.e.,
points in the shaded area above the 45° line where intake = require-
ment) is not the same as the proportion whose intake falls to the
left of the intake = EAR line (estimated as being at risk using the
cut-point method). The number of points in triangles A and B is
different, with more points in triangle A than in triangle B. This
means that the cut-point method, in this example, would under-
estimate the proportion of the population with inadequate intakes.
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The bias resulting from the use of the cut-point method here is
rather noticeable; thus, caution needs to be exercised when using
the EAR cut-point method in situations in which requirements for a
nutrient may be more variable than intakes of the nutrient.

The extent and direction of the bias that occurs when requirements
are more variable than intakes will differ depending on whether the
mean intake is above (as in Figure 4-11), equal to, or below the
mean requirement. Carriquiry (1999) assessed the expected bias in
several of these scenarios using a limited simulation study in which
the relative sizes and standard deviations of the mean intake and
the mean requirement were varied. The results suggest that in situa-
tions where the variance of requirement exceeds the variance of
usual intake, the following cases arise:

1. When mean intake equals median requirement, use of the EAR
cut-point method accurately estimates the proportion of the popu-
lation with inadequate intakes.

2. When mean intake exceeds median requirement, use of the
EAR cut-point method underestimates the proportion with inadequate
nutrient intake.

3.When mean intake is less than median requirement, use of the
EAR cut-point method overestimates the proportion with inadequate
nutrient intake.

4.In the last two cases, the bias in the prevalence estimate can be
significant even when the standard deviation of requirements is only
slightly larger than the variation of usual intakes. The over- or
underestimation of true prevalence is more pronounced when the
true prevalence in the group is either very low or very high.

ADJUSTING INTAKE DISTRIBUTIONS

Regardless of the method chosen to assess prevalence of inade-
quate nutrient intakes in a group of individuals, information is
required about the distribution of intakes of the nutrient in the
group. Because the chronic effect of diet on an individual’s well
being is often of interest, the estimation of the distribution of long-
term average intakes—that is, usual intakes—for the group is a con-
cern. The usual intake distribution of a dietary component should
have a spread (or variance) that reflects the individual-to-individual
variation of intakes of that nutrient within the group.

Usual intake distributions can be estimated by adjusting the distri-
bution of the mean of a few days of intake of each individual in the
group. This general method was proposed by the National Research
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Council (NRC, 1986) and was further developed by Nusser et al.
(1996). As described below, to apply these methods of adjusting
intake distributions it is necessary to have at least two independent
24-hour recalls or diet records for at least some individuals in the
group (or at least three days when data are collected over consecu-
tive days). Independent observations are obtained by collecting
intake data over nonconsecutive days.

Reasons for Adjusting Intake Distributions

Several characteristics of dietary intake data make estimating the
distribution of usual intakes for a group a challenging problem.
This section focuses on the need for adjustment of distributions,
illustrates the use of two of the most widely used approaches, and
discusses the consequences of poorly estimating usual intake distri-
butions.

Dietary intake data have characteristics that need to be taken into
account when estimating the usual intake distribution of a nutrient
for a group of individuals. If intake distributions are not properly
adjusted, the prevalence of nutrient inadequacy will either be over-
estimated or underestimated, regardless of whether the probability
approach or the cut-point method is chosen.

Should the distribution of observed intakes be used as an estimate of the
usual intake distribution?

No. Although the mean of the distribution of observed intakes in the
group is an unbiased estimate of the mean usual intake in that group
(assuming that intakes have been accurately measured), the variance of the
distribution of observed intakes is almost always too large (NRC, 1986;
Nusser et al., 1996). This is because it includes both the within-person (day-
to-day) variation and the individual-to-individual variation, thus leading
to estimates of prevalence of inadequacy or excess that are likely to be higher
than the true prevalence. In order to get accurate prevalence estimates, the
distribution of observed intakes must be adjusted to more closely reflect only
the individual-to-individual variability in intakes.

Large Within-Person Variation in Intakes

Individuals usually vary the types and amounts of the foods they
consume from day to day. This translates into a large variability in
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the within-person intake of nutrients. For some nutrients, more
within-person (or day-to-day) variation than between-person varia-
tion may occur. Vitamin A is a good example of this. Intake can be
5,000 retinol equivalents (RE) on a day when the individual snacked
on carrots, and close to 0 RE on another day when few fruits, vege-
tables, and dairy products were consumed. Thus, for some nutri-
ents, the day-to-day variability in intakes for an individual may be
larger than the between-person variability in the group. For vitamin
A, the within-person variability in intakes may be as much as six
times larger than the between-person variability in intakes in typical
North American dietary data (Basiotis et al., 1987). For other dietary
components such as energy, the day-to-day variability in intakes is
about as large as the between-person variability in intakes in the
group (Basiotis et al., 1987; Beaton et al., 1983; Guenther et al.,
1997; Liu et al., 1978; Looker et al., 1990; NRC, 1986; Nusser et al.,
1996; Sempos et al., 1985). This means that if the aim is to estimate
the usual intake distribution of a nutrient in a group and have its
spread reflect only the between-person variation in intakes, then
statistical methods that help reduce this nuisance variance must be
used.

Heterogeneous Within-Person Variation in Intakes

Not only do individual intakes differ from day to day, as discussed
above, but also how much they differ varies from one person to
another. In addition, this variability is not completely random. Indi-
viduals with higher average intakes also tend to have more variable
intakes than do individuals with lower average intakes (Nusser et
al., 1996).

Skewed Intake Distributions

For most nutrients, the distribution of observed mean intakes
(and presumably, the usual intake distribution as well) is skewed to
the high end rather than being symmetrical. This is particularly
true when intakes from supplements are included in the diet. Con-
sider calcium as an example. Mean intake in a group might be 600
mg/day. Very few people would have intakes 500 mg or more below
the mean (and it would be impossible to have an intake more than
600 mg below the mean), but there could easily be people in the
group consuming intakes 500, 1,000, or even 1,500 mg above the
mean. Therefore, the intake of this nutrient has a skewed, asymmet-
rical distribution. Because most nutrients have skewed, asymmetrical
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intake distributions, statistical procedures that assume that nutrient
intake data are normally distributed cannot be applied to these
data.

Day-to-Day Correlation in Intake Data Collected over Consecutive
Days

When intake data are collected over consecutive days, observa-
tions for an individual cannot be assumed to be independent because
what is consumed on one day often affects what is consumed on the
next. This effect can work several ways—the same meal may be
repeated the next day (as with leftovers) or the same food may be
avoided two days in a row (as with liver). In either case, the assump-
tion of independence for within-person observations does not hold
unless dietary intake data are collected several days apart. The
length of time needed between observations so that independence
can be assumed depends on the dietary component. For energy, for
example, it suffices to space daily observations one or two days apart,
but for vitamin A, which is not present in all foods, a three- to four-
day gap between 24-hour recalls for the same individual might be
necessary to guarantee independence among observations.

Other Survey-Related or Nuisance Effects

Dietary intake data are often collected in nationwide food con-
sumption surveys that have a complex design and response rates
under 100 percent. In these cases, each respondent carries a sam-
pling weight that corrects that individual’s importance in the sam-
ple. These weights must be carried throughout the procedure for
estimating usual intake distributions if this estimated distribution is
to be used to make inferences about the wider population from
which the group was drawn.

Overview of Methods to Adjust Mean Intake Distributions

Because of the above attributes of dietary intake data, obtaining
reliable estimates of usual intake distributions is not straightforward.
The NRC, in its 1986 report, set forth the concept of a usual intake
distribution, and proposed a statistical approach to adjust observed
mean intake distributions to partially remove the day-to-day vari-
ability in intakes. The resulting estimated usual intake distribution
has a spread that approximately reflects the between-individual vari-
ability in intakes (NRC, 1986). Aickin and Ritenbaugh (1991) pro-

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


USE OF EARs FOR NUTRIENT ASSESSMENT 97

posed an algorithm—called the unmixing algorithm—for adjusting
vitamin A intake distributions. Nusser and colleagues (1996),
Stefanski and Bay (1996), Eckert and coworkers (1997), and more
recently Chen (1999) started from the method proposed by the
NRC (1986) and suggested methods for estimating usual intake dis-
tributions that address different sets of characteristics of dietary
intake data. Brief descriptions of two approaches, the NRC (1986)
method and the method developed at Iowa State University (ISU
method, Nusser et al., 1996) are provided because they are most
used today (Beaton, 1994; Carriquiry et al., 1997).

Suppose that daily intake data for a group of individuals are avail-
able. These data may have been collected via 24-hour recall methods
or perhaps from multiple-day diet records. For each of the individuals,
multiple days of dietary intake data were recorded. Even though it
is assumed here that each individual in the group has the same
number of independent daily intake observations, neither of the
methods described below require that each individual in the group
have the same number of observations. It is possible to adjust intake
distributions as long as some individuals in the group have two or
more daily intake observations, even if for many of the individuals
only one observation is available.

For multiple daily intake observations for each individual in the
sample, it is possible to obtain, for each individual, the mean intake
over the multiple days of recording. As is discussed in Chapter 3,
observed mean intakes can be used as estimates of individual usual
intake, albeit imprecise ones. Estimating the usual intake distribution
in the group as the distribution of the observed mean intakes, however
intuitively appealing, is incorrect. The individual daily intakes must be
used, rather than the mean intake, in order to adjust the usual
intake distribution.

The National Research Council Method to Adjust Intake
Distributions

In recognizing that daily intakes for an individual vary from day to
day, and that daily intake data are not normally distributed, the
NRC (1986) proposed that day-to-day variability in intakes be par-
tially removed by fitting a measurement error model to daily intake
data which had been power transformed. Power transformation
refers to a family of mathematical conversions that includes, for
example, the square root, the cube root, and log transformations
(Fuller, 1987). The power transformation reduces the skewness typ-
ically observed in the distribution of daily intakes. The measure-
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ment error model establishes that, in the transformed scale, the
nutrient intake observed for an individual on a day is a deviation
from that individual’s usual intake of the nutrient. That is,

(transformed) observed intake = usual intake + deviation from usual intake.

The simple model above is called a measurement error model
(Fuller, 1987), because it states that observed intakes measure usual
intakes with error. Measurement error, in a statistical sense, denotes
a (random) deviation from a variable of interest—in this case the
usual intake. The error is modeled as a random variable with zero
mean and with a variance that reflects the day-to-day variability in
intakes.

The adjustment described by the NRC method is relatively
straightforward to implement, once the magnitude of the day-to-
day variation in intake has been determined for the group. After
any necessary transformations to ensure normality, the difference
between each person’s intake and the mean intake of the group is
multiplied by the ratio of day-to-day variation to the total variation,
and then added back to the mean intake for the group. These
adjusted intakes can then be transformed back to the original scale,
as appropriate, and used for further analyses.

In the NRC method the variance of the measurement error was
assumed to be constant across individuals. This means that the NRC
method establishes that the day-to-day variability in intakes is con-
stant across individuals. A more general version of this basic method
developed at ISU by Nusser and colleagues (1996) does not require
the measurement error variance to be constant across individuals.

The Iowa State University Method to Adjust Intake Distributions

In general, the statistical method developed at ISU (Nusser et al.,
1996) elaborates on the NRC method and produces estimates of
usual intake distributions with good statistical properties. Details
about the procedure can be found elsewhere (Guenther et al., 1997;
Nusser et al., 1996). The following example illustrates how its use
can affect the conclusions drawn when a dietary survey is used to
assess intakes for a group.

How large a sample size, and what proportion of replicate obser-
vations are needed for the ISU method of estimating usual nutrient
intake distributions? An exact answer to this question is difficult to
provide. Regarding actual sample size, the performance of the ISU
method improves as sample size increases; small sample sizes of
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fewer than about 50 or 60 individuals result in unreliable estimates
of usual intake distributions (Nusser et al., 1996). Because only the
replicate observations in the sample contain information about the
day-to-day variability in intakes, it is important to have a moderately
large number of individuals in the replicate sample, perhaps not
fewer than 30 or 40, and these individuals should be representative
of the full group. Each person in this sample must have at least two
independent daily intake measurements or three daily intake mea-
surements if data are collected on consecutive days.

Carriquiry and colleagues (1997) successfully applied the ISU
method to adjust intake distributions and distributions of blood
biochemical measurements using data collected in the Third
National Health and Nutrition Examination Survey (NHANES III),
even though sample sizes for some life stage and gender groups
were moderately small (fewer than 70 to 80 individuals) and the
proportion of replicate observations was low (approximately 6 per-
cent). In general however, having a minimum number of replicate
records in the sample is more important than having a minimum
proportion of replicate observations.

The following example is based on estimated usual intake distri-
butions for two dietary components—phosphorus and vitamin B6—
for women aged 19 through 50 years who were neither pregnant
nor lactating at the time the data were collected. Only intakes from
food were considered (i.e., intake from supplements is not included
in these examples). The dietary intake data were collected in
NHANES III, so only a small proportion of individuals in the sample
had a replicate observation collected several weeks after the first.
Estimated Average Requirements (EARs) have been established for
the two nutrients in this example (IOM, 1997, 1998b). Using the
EAR cut-point method, the proportion of women at risk of nutrient
inadequacy can be estimated by computing the percentage of indi-
viduals in the group with usual intakes below the corresponding
EAR.

For purposes of illustration, the usual intake distributions of phos-
phorus and vitamin B6 were estimated by two different approaches:
(1) using only the first day of intake data for each individual in the
sample; and (2) using replicate intake data (whenever available)
and applying the ISU method to adjust the distribution. It is antici-
pated that the estimate of the usual intake distribution obtained
using one day of intake data will have the incorrect variance; the
variance of the estimated distribution will contain an unwanted day-
to-day variability component. Therefore, estimates of the prevalence
of nutrient inadequacy will be biased. The two estimates of the usual
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intake distribution are shown in Figure 4-12 for vitamin B6 and
Figure 4-13 for phosphorus.

The adjusted estimate of the usual intake distribution has a smaller
variance than does the estimate obtained using one day of intake
data. This is to be expected because one of the features of the
method (and also of the method proposed by NRC) is that it par-
tially removes the day-to-day variability in intakes. Thus, the estimated
usual intake distribution obtained by applying the adjustment has a
variance that reflects only the between-person variability in intakes,
whereas the estimate obtained using one-day data has a variance
that is inflated by day-to-day variability.

The shapes of the two distributions in Figure 4-12 are quite differ-
ent. More importantly, the conclusions drawn about the proportion
of individuals in the group whose intakes of vitamin B6 are inade-
quate also differ, depending on which estimate of the usual intake
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FIGURE 4-12 Estimates of a usual intake distribution of vitamin B6 obtained from
one day of intake data and adjusted using replicate intake data via the Iowa State
University method. The y-axis shows the likelihood of each level of intake in the
population.
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FIGURE 4-13 Estimates of a usual intake distribution of phosphorus obtained
from one day of intake data and adjusted using replicate intake data via the Iowa
State University method. The y-axis shows the likelihood of each level of intake in
the population.
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distribution is used. As was discussed previously, the prevalence of
nutrient inadequacy in a group is estimated as the proportion of
individuals in the group whose usual intakes are below the EAR
established for the nutrient. The vertical line in Figure 4-12 repre-
sents the intake level that is equal to the EAR for vitamin B6 for
women ages 19 through 50 years; this value is 1.1 mg/day (IOM,
1998b).

If only one day of intake data is available for each individual in
the sample and therefore adjusting the intake distribution to
remove day-to-day variability in intakes is not possible, the estimate
of prevalence of inadequacy in this group of women is 37 percent.
If, instead, the prevalence estimate is based on the adjusted distri-
bution, the conclusion is that 23 percent of women are not consum-
ing an adequate amount of vitamin B6. The 14 percent difference
between the two estimates is due exclusively to the method used to
estimate the usual intake distribution. Using a single day of intake
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data for each individual in the sample is indefensible from a statistical
viewpoint if the objective is to estimate prevalence of inadequacy.

Results from the same analyses applied to phosphorus intakes are
shown in Figure 4-13. For phosphorus, prevalence of inadequacy
estimates computed from the one-day and the adjusted intake dis-
tributions are 25 and 11 percent, respectively.

In these two cases (where the means of the intake distributions
are greater than the EAR), the bias in the prevalence estimate that
results from not removing the day-to-day variability in intakes leads
to an overestimation of the proportion of individuals in the group
whose intakes are inadequate. This is not always so; if the mean of
the usual intake distribution is less than the EAR, using the one-day
distribution to estimate prevalence may result in underestimation.

INAPPROPRIATE APPROACHES FOR GROUP-LEVEL
ASSESSMENT USING THE RDA

Should the Recommended Dietary Allowance (RDA) be used to assess the
proportion of individuals in a group who are at risk of nutrient inadequacy?

No.
Estimating prevalence of nutrient inadequacy in a group by computing

the proportion in the group with intakes below the RDA always leads to an
overestimation of the true prevalence of inadequacy.

By definition, the RDA is the intake level that exceeds the require-
ments of a large proportion of individuals in the group. In fact,
when requirements in the population are distributed as normal
random variables, the RDA exceeds the requirement of more than
97 percent of all individuals in the group.

As indicated previously in this chapter, the proportion of individ-
uals in a group with nutrient intakes below their requirements can
be estimated by using the Estimated Average Requirement (EAR)
cut-point method (calculating the proportion of individuals in the
group with intakes below the EAR). Examples were presented in
which the cut-point method was shown to perform well. That is,
when populations were simulated for which both nutrient intakes
and requirements were known, approximately the same prevalence
estimates resulted either by counting the actual number of individ-
uals with nutrient intakes below their requirements or the number
of individuals with intakes less than the EAR.
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It is evident, then, that comparing usual nutrient intakes with the
RDA, which by construction is always larger than the EAR (i.e., RDA
= EAR + 2 standard deviations of requirements), will lead to esti-
mates of inadequacy that are too large.

Comparing Group Mean Intakes with a Percentage of a
Reference Value

Some of the most common mistakes in evaluating dietary data
arise from comparisons of mean intakes with RDAs. In particular,
when studies find group mean intakes equal to or exceeding the
RDA, the conclusion has often been that group diets are adequate
and conform to recognized nutritional standards. Sometimes,
group-mean intake is even compared with some percentage of the
RDA. However, these comparisons are inappropriate and may result
in very misleading conclusions.

For most nutrients (except food energy), group mean intake must
exceed the RDA for there to be an acceptably low prevalence of
inadequate intakes. To achieve a low prevalence of inadequate intakes
(e.g., such that almost all individuals would meet their require-
ments), the group-mean intake would need to be equal to the EAR
plus two standard deviations of intake (when intakes are normally
distributed). Recall that the variability of intakes usually exceeds
the variability in requirements and that the RDA is equal to the
EAR plus two standard deviations of requirement. Thus the group
mean intake needed for there to be a low prevalence of inadequate
intake must exceed the RDA. The greater the variability in usual
intakes relative to variability in requirements, the greater the mean
intake must be relative to the RDA to ensure that only a small pro-
portion of the group has inadequate intakes.

It follows from the above discussion that if the group mean intake
equals the RDA, a substantial proportion of the group will have
intakes less than their own requirements. Even if mean intake
exceeds the RDA, there may be a substantial proportion of a group
with intakes less than requirements.

An even stronger caution is needed when comparing group mean
intakes with the EAR. If mean intake equals the average require-
ment (EAR), a very high proportion of the population will have
inadequate usual intake. In fact, roughly half the population is
expected to have intake less than requirement (except for energy).

In summary, except for food energy, group-mean intakes must
exceed the RDA to have a relatively low prevalence of inadequate
intakes. In general, however, group mean intakes should not be
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used to assess the prevalence of inadequate dietary intakes. It is far
preferable to use the EAR cut-point method and the adjusted distri-
bution of usual intakes to estimate the proportion of a group with
inadequate intakes.

UNITS OF OBSERVATION OTHER THAN THE INDIVIDUAL

In the preceding discussion, the unit of observation implicitly
assumed in the dietary assessment is the individual. What if the unit
of observation is either the household or the population? Consump-
tion data are frequently gathered for households rather than for
individuals. Disappearance data (or food balance sheets) may be
collected for a group or an entire population such as a country.
However, published requirement estimates usually are related to
individuals. For dietary assessment applications, however, estimates
of nutrient requirements and nutrient intakes must be at the same
level of aggregation: individual, household, or population. Appen-
dix E suggests approaches for evaluating dietary adequacy when the
unit of observation is not the individual.

SUMMARY

Assessing the proportion of a group or population that is at risk of
nutrient inadequacy is an important public health and policy con-
cern. The Dietary Reference Intake (DRI) that is relevant to this
type of assessment is the Estimated Average Requirement (EAR).
The probability approach, described by the National Research Council
(NRC) in 1986, permits an estimation of the prevalence of inade-
quacy within a group by comparing intakes with the distribution of
requirements. This method assumes that the correlation between
intake and requirement is low and that the distribution of require-
ments is known. A shortcut to the probability approach—the EAR
cut-point method—allows determination of the prevalence of inad-
equacy in a group by determining the number of individuals with
intakes below the EAR. Like the probability approach, the cut-point
method assumes that the correlation between intake and require-
ment is low and that the variability in intakes is greater than the
variability of requirements. However, unlike the probability
approach, the cut-point method does not require that the actual
shape of the requirement distribution be known, but does require
that the distribution be symmetrical. Examples demonstrated the
biases that occur when the assumptions of the cut-point method are
violated. Assessing the prevalence of inadequacy of iron intake in
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women requires use of the probability approach because of the
highly skewed nature of the requirement distribution. Because of
the very high correlation between intakes and requirements, energy
is the one nutrient for which neither the probability approach nor
the cut-point method can be used to assess adequacy. The preva-
lence of nutrient inadequacy for a group will usually be overestimated
by either method if dietary intake data are not adjusted for day-to-
day within-person variation. Thus, a minimum of two nonconsecu-
tive or three consecutive days of intake data on at least a representa-
tive sample of the group is needed for dietary assessment of groups.
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5
Using the Adequate Intake
for Nutrient Assessment of

Groups

This chapter briefly describes the inherent limitations of the Ade-
quate Intake (AI) as a Dietary Reference Intake, and its limited
application in assessing nutrient adequacy of groups.

DERIVATIONS OF THE AI

How is the Adequate Intake (AI) defined?

The AI is a recommended average daily nutrient intake level, based on
experimentally derived intake levels or approximations of observed mean
nutrient intake by a group (or groups) of apparently healthy people that are
assumed to be adequate.

An AI is established when there is insufficient scientific evidence
to determine an Estimated Average Requirement (EAR). In the
judgment of the Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes, the AI is expected to meet or exceed the
amount needed to maintain a defined nutritional state or criterion
of adequacy in essentially all members of a specific apparently healthy
population. Examples of defined nutritional states include normal
growth, maintenance of normal circulating nutrient values, or other
aspects of nutritional well-being or general health. The AI is devel-
oped as a guide for individuals about an appropriate level of intake
for nutrients for which data are insufficient to establish a requirement.
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When the AI is based on observed mean intakes of population
groups, it is likely to always exceed the average requirement that
would have been experimentally determined.

In the Dietary Reference Intake (DRI) nutrient reports (IOM,
1997, 1998b, 2000), the AI has been estimated in a number of dif-
ferent ways (see Appendix F). Because of this, the exact meanings
and interpretations differ. In some cases, the AI was based on the
observed mean intakes of groups or subpopulations that are main-
taining health and nutritional status consistent with an apparent
low incidence of inadequacy. In other cases, the AI was derived
from the lowest level of intake at which all subjects in an experi-
mental study met the criterion of adequacy; this is different from
(and generally lower than) the group mean intake that is consistent
with all subjects meeting the criterion of adequacy. The AI was some-
times estimated as an approximation of intake in a group with
knowledge of actual requirements of only a few individuals.

The methods of derivation of the AI may differ substantially
among nutrients and among life stage groups for the same nutri-
ents; it follows that interpretation and appropriate use of the AI
must differ also. In Table 5-1, AIs that represent estimates of desir-
able group mean intakes are identified. Note that the indicators of
adequacy are not always indicators of a classical nutrient deficiency
state; in some cases they also include factors that may be directed to
decreasing risk of chronic, degenerative diseases. Following, and
shown in detail in Appendix F, are some examples of nutrients with
an AI and the basis for their derivation:

• Calcium: For infants the AI is a direct estimate of a suitable
intake based on average content of human milk for an assumed
volume of intake. For adolescents and adults the AI is an approxi-
mation of the calcium intake that would be sufficient to maintain
desirable rates of calcium retention, as determined from balance
studies, factorial estimates of requirements, and limited informa-
tion on bone mineral content and bone mineral density (IOM, 1997).

• Vitamin D: The AI is a value that appears to be needed to main-
tain—in a defined group with limited, but uncertain, sun exposure
and stores—serum 25-hydroxyvitamin D above the concentration
below which vitamin D deficiency rickets or osteomalacia occurs.
This concentration is rounded to the nearest 50 IU and then doubled
as a safety factor to cover the needs of all people regardless of sun
exposure.

• Fluoride: For infants the AI is based on reported group mean
intakes; for children and adults the AI is based on factorial esti-
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TABLE 5-1 Nutrients with Adequate Intakes (AIs)

Nutrient Life Stage Group Group Mean Intake?a

Calcium 0–12 mo Yes
1–18 y No

19–50 y No
>51 y No
Pregnancy and lactation (all ages) No

Fluoride 0–12 mo Yes
1–18 y Yes

19–50 y Yes
>51 y Yes
Pregnancy and lactation (all ages) Yes

Magnesium 0–12 mo Yes
Phosphorus 0–12 mo Yes
Selenium 0–12 mo Yes
Biotin 0–12 mo Yes

1–18 y No
19–50 y No
>51 y No
Pregnancy and lactation (all ages) No

Choline 0–12 mo Yes
1–18 y No

19–50 y No
>51 y No
Pregnancy and lactation (all ages) No

Folate 0–12 mo Yes
Niacin 0–12 mo Yes
Pantothenic Acid 0–12 mo Yes

1–18 y Yes
19–50 y Yes
>51 y Yes
Pregnancy (all ages) Yes
Lactation (all ages) No

Riboflavin 0–12 mo Yes
Thiamin 0–12 mo Yes
Vitamin B6 0–12 mo Yes
Vitamin B12 0–12 mo Yes
Vitamin C 0–12 mo Yes
Vitamin D 0–12 mo No

1–18 y No
19–50 y No
>51 y No
Pregnancy and lactation (all ages) No

Vitamin E 0–12 mo Yes

a See Appendix F for details

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


USE OF AI FOR NUTRIENT ASSESSMENT 109

mates of suitable group mean intakes. The criterion of adequacy
was an intake that would be associated with low occurrence of dental
caries.

• Choline: The AI is based on a single experiment in adult men.
Choline’s potential role in reducing chronic disease risk was consid-
ered in developing its AI.

• Biotin: For infants exclusively fed human milk, the AI is based
on the biotin content of human milk. This level is extrapolated for
all other age groups.

• Pantothenic acid: The AI is based on estimated mean intakes of
apparently healthy populations.

COMPARISON OF THE AI, RDA, AND EAR

In general, how does the Adequate Intake (AI) compare with the Estimated
Average Requirement (EAR) and the Recommended Dietary Allowance
(RDA)?

The amount of evidence suitable for setting the AI is less than that avail-
able for setting the EAR and deriving the RDA. When the AI represents a
suitable group mean intake, by definition, it is above the (unknown) EAR
and generally should be above the (unknown) RDA.

Like the RDAs (which are derived from the EARs), the AIs are
levels of nutrient intake that should be associated with a low risk of
developing a condition related to a nutrient deficiency or some
other negative functional outcome (see Appendix F for details).
Intakes at the level of the RDA or AI would not necessarily replete
or rehabilitate individuals previously undernourished, nor would
they be adequate for persons afflicted by a disease that increased
requirements.

LIMITATIONS OF THE AI IN DIETARY ASSESSMENT

Can the Adequate Intake (AI) be used to determine the prevalence of
inadequate nutrient intakes in a group?

No.
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The AI cannot be used to calculate the prevalence of inadequate
nutrient intakes for groups. However, for nutrients with appropri-
ately estimated AIs (see Table 5-1), groups with mean intakes at or
above the AI can generally be assumed to have a low prevalence of
inadequate intakes (low group risk) for the defined criterion of
nutritional status. When mean intakes of groups are below the AI,
assumptions cannot be made about inadequacy of intakes (except
when intakes are zero, in which case intake is clearly inadequate).
Thus, the following statements can be made:

• If the mean intake of a group is at or above the AI, and the
variance of intake is similar to the variance of intake in the popula-
tion originally used to set the AI, the prevalence of inadequate
nutrient intakes is likely to be low (although it cannot be estimated)
(see Table 5-1 and Appendix F). This evaluation can be used with
confidence when the AI is based directly on intakes of healthy pop-
ulations (as is the case for all AIs except for vitamin D for infants 0
through 12 months of age, for pantothenic acid, and fluoride for
children and adults). However, one would have less confidence
making this type of evaluation when the AI is not based directly on
the intakes of healthy populations.

• If the mean intake is below the AI, the adequacy of the group’s
intake cannot be determined.

Can the proportion of the population below the AI be used as an indicator
of the percentage of the population whose intakes are inadequate?

No.

Because the AI should be above the true Estimated Average Re-
quirement (EAR), any prevalence estimates of nutrient inadequacy
calculated by counting individuals with intakes below the AI would
be overestimates—potentially major overestimates—of the true prev-
alence. Thus, although the EAR may be used as a cut-point, the AI
may not be used as a cut-point to estimate the percentage of a population
with inadequate intakes.
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Can the relative adequacy of two groups—or of one group at two different
times—be assessed by comparing mean intakes with the AI or by compar-
ing the proportion of the groups below the AI?

No.

Because the AI may be above the (unknown) Recommended
Dietary Allowance (RDA), mean intakes well below the AI may still
have a low prevalence of nutrient inadequacy. It is not possible to
know exactly where the mean intake as a percentage of the AI
becomes associated with an increased risk of inadequacy. For exam-
ple, mean intakes at 70 and 90 percent of the AI may have virtually
identical very low risks of inadequacy. Therefore, comparisons of
this type should be avoided.

Can we calculate back from the AI to a proxy for a nonexistent EAR?

No.

Another potential misuse of the AI is calculating back under the
assumption that a proxy for the EAR can be determined. Because
the AI is used as a target in counseling individuals—just as the RDA
is used as an intake target—there is a strong possibility that the AI
will be misused in much the same way as the former RDAs were
misused. Some may assume that it is appropriate to use an actual
standard deviation of intake or assume a certain coefficient of varia-
tion of requirements to calculate back from the AI to a value that
might be assumed to be close to the EAR.

Two times the assumed coefficient of variance of requirements
(approximately 10 percent) might be subtracted from the AI with
the assumption that the resulting number would be a proxy for the
requirement. In fact this would only be the case if the AI were set so
that only 2 to 3 percent of the population was below the EAR and
the requirement was normally distributed (Beaton, 1994). Concep-
tually this may be the case, but in actuality the AI is derived from a
different perspective. In fact, the AI involves significantly more
assumptions and judgment, and is set differently for each nutrient.
For all of these reasons it is not appropriate to calculate a pseudo
EAR from the AI. Such attempts will result in estimates of the prev-
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alence of nutrient inadequacy that are erroneous and usually too
high.

SUMMARY

Since the Adequate Intake (AI) is set in different ways for differ-
ent nutrients and its relationship to the requirement for the nutri-
ent is unknown, it cannot be used to estimate the proportion of the
population with inadequate intake.
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6
Using the

Tolerable Upper Intake Level
for Nutrient Assessment of

Groups

This chapter briefly describes the concepts underlying the develop-
ment of the Tolerable Upper Intake Levels (ULs).  It also provides
guidance on the use of the UL in conjunction with the appropriate
usual intake distribution to determine the proportion of individuals
in a group who may be potentially at risk of adverse effects due to
excessive intake of a nutrient.

THEORY AND DEFINITIONS

Just as quantitative guidelines are needed to help ensure adequacy
of nutrient intake, guidelines are needed to help ensure that usual
intake levels are not so high that they pose a risk of adverse health
effects to an individual or group of individuals. The introduction of
the Tolerable Upper Intake Level (UL) is a long overdue contribu-
tion to nutritional evaluation. Great effort has been taken in evalu-
ating the published literature relevant to adverse health effects of
overconsumption of specific nutrients. The UL is meant to inform
the public of risk of excess nutrient intake—it is not a recommended
intake level.

The UL is determined using a risk assessment model that was
developed specifically for nutrients (IOM, 1998a). The model con-
sists of a systematic series of scientific considerations and judgments
made by experts knowledgeable in both the nutrients of interest
and the practice of risk assessment. These ULs reflect the maxi-
mum daily intake levels at which no risk of adverse health effects is
expected for almost all individuals in the general population—
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including sensitive individuals—when the nutrient is consumed over
long periods of time. In other words, the UL is the highest usual
intake level of a nutrient that poses no risk of adverse effects. In
some cases subpopulations with extreme and distinct vulnerabilities
may be at risk with intakes at or even below the UL.1  The process
used to set the UL considers the intakes from all sources: food,
water, nutrient supplements, and pharmacological agents, although
in some cases the UL may apply only to specific sources.

The dose-response assessment, which concludes with an estimate
of the UL, is built upon three toxicological concepts commonly
used in assessing the risk of exposures to chemical substances: no-
observed-adverse-effect level (NOAEL), lowest-observed-adverse-effect
level (LOAEL), and uncertainty factor (UF). These are defined as:

• NOAEL is the highest continuing intake of a nutrient at which
no adverse effects have been observed in the individuals or groups
studied. In some cases it may be derived from experimental studies
in animals. When the available data are not sufficient to reveal the
NOAEL, it is necessary to rely on a LOAEL.

• LOAEL is the lowest continuing intake at which an adverse
effect has been identified. For some nutrients, it may be derived
from experimental studies in animals.

• UFs are applied to the NOAEL, and if necessary to the LOAEL,
in an attempt to address both gaps in data and incomplete knowl-
edge regarding the inferences required (e.g., the expected variability
in response within the population, or extrapolation from experi-
mental animal to human data).

Scientific judgments are used to assign UFs for each of the specific
sources of uncertainty associated with the data available for a nutri-
ent. A composite UF for that nutrient is derived by multiplying the
assigned UFs. Larger UFs are applied when animal data are used
rather than human data, and in instances where the consequence
of overconsumption is serious disease. A UF used to estimate a UL
from a LOAEL will be larger than one used if a NOAEL is available.
UFs established when this document was written are presented in
Table 6-1; they range from 1 (expressing great confidence in the
NOAEL) to 36 (reflecting extrapolation from experimental animal
to human data and from a LOAEL to a NOAEL and other limitations

1In this case, the subpopulations are identified and discussed in the individual
chapters of the DRI nutrient reports (IOM, 1997, 1998b, 2000).
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TABLE 6-1 Tolerable Upper Intake Levels, No-Observed-
Adverse-Effect Levels, Lowest-Observed-Adverse-Effect Levels,
Uncertainty Factors, and Critical Adverse Effects for Various
Nutrients, by Life Stage Group

Critical
Nutrient ULa NOAELb LOAELc UFd Adverse Effect

Calcium (mg/d) Hypercalcemia
Infants (0–12 mo) NDe —f — — and renal
Toddlers (1–3 y) 2,500g — — — insufficiency
Children (4–8 y) 2,500g — — — (milk-alkali
Children (9–13 y) 2,500g — — — syndrome)
Adolescents (14–18 y) 2,500g — — —
Adults (19–70 y) 2,500 —h 5,000 2
Pregnant women 2,500 — — —
Lactating women 2,500 — — —
Older adults (> 70 y) 2,500 — — —

Fluoride (mg/d) Moderate enamel
Infants (0–6 mo) 0.7 — 0.1i 1 fluorosisj

Infants (6–12 mo) 0.9 — 0.1i 1
Children (1–3 y) 1.3 — 0.1i 1
Children (4–8 y) 2.2 — 0.1i 1
Children (9–13 y) 10 10 — 1 Skeletal fluorosis
Adolescents (14–18 y) 10 10 — 1
Adults (19–70 y) 10 10 — 1
Pregnant women 10 10 — 1
Lactating women 10 10 — 1
Older adults (> 70 y) 10 10 — 1

Magnesiumk (mg/d) Diarrhea
Infants (0–12 mo) ND — — —
Toddlers (1–3 y) 65l — — —
Children (4–8 y) 110l — — —
Children (9–13 y) 350 — 360 ~1
Adolescents (14–18 y) 350 — 360 ~1
Adults (19–70 y) 350 — 360 ~1
Pregnant women 350 — — —
Lactating women 350 — — —
Older adults (> 70 y) 350 — 360 ~1

continued
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Phosphorus (g/d) Hyperphosphatemia
Infants (0–12 mo) ND — — —
Toddlers (1–3 y) 3.0 10.2m — 3.3
Children (4–8 y) 3.0 10.2m — 3.3
Children (9–13 y) 4.0 10.2m — 2.5
Adolescents (14–18 y) 4.0 10.2m — 2.5
Adults (19–70 y) 4.0 10.2 — 2.5
Pregnant women 3.5 — — —
Lactating women 4.0 10.2 — 2.5
Older adults (> 70 y) 3.0 10.2 — 3.3

Selenium (µg/d) Selenosis
Infants (0–6 mo) 45n 7 µg/kg — 1
Infants (7–12 mo) 60n — — —
Children (1–3 y) 90l,n — — —
Children (4–8 y) 150l,n — — —
Children (9–13 y) 280l,n — — —
Adolescents (14–18 y) 400 — — —
Adults (19–70 y) 400 800 2
Pregnant women 400 — — —
Lactating women 400 — — —
Older adults (> 70 y) 400l — — —

α-Tocopherolk,o(mg/d) Increased
Infants (0–12 mo) ND — — — tendency to
Children (1–3 y) 200l,n — — — hemorrhage
Children (4–8 y) 300l,n — — — seen in rats
Children (9–13 y) 600l,n — — —
Adolescents (14–18 y) 800l,n — — —
Adults (19–70 y) 1,000n — 500 mg/kg 36
Pregnant women 1,000n — — —
Lactating women 1,000n — — —
Older adults (> 70 y) 1,000n — — —

Choline (g/d) Hypotension
Infants (0–12 mo) ND — — — fishy body odor
Children (1–3 y) 1.0l,n — — —
Children (4–8 y) 1.0l,n — — —
Children (9–13 y) 2.0l,n — — —
Adolescents (14 –18 y) 3.0l,n — — —

TABLE 6-1 Continued

Critical
Nutrient ULa NOAELb LOAELc UFd Adverse Effect

continued

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


USE OF ULs FOR NUTRIENT ASSESSMENT 117

Adults (19–70 y) 3.5n — 7.5 2
Pregnant women 3.5n — — —
Lactating women 3.5n — — —
Older adults (> 70 y) 3.5n — — —

Folatek (µg/d) Precipitation or
Infants (0–12 mo) ND — — — exacerbation of
Toddlers (1–3 y) 300l,n — — — neuropathy in
Children (4–8 y) 400l,n — — — vitamin B12
Children (9–13 y) 600l,n — — — deficient-
Adolescents (14–18 y) 800l,n — — — individuals
Adults (19–70 y) 1,000 — 5,000 5
Pregnant women 1,000 — — —
Lactating women 1,000 — — —
Older adults (> 70 y) 1,000 — 5,000 5

Niacink (mg/d) Vasodilation
Infants (0–12 mo) ND — — — (flushing; can
Toddlers (1–3 y) 10l,n — — — involve burning,
Children (4–8 y) 15l,n — — — tingling, and
Children (9–13 y) 20l,n — — — itching sensation,
Adolescents (14–18 y) 30l,n — — — as well as
Adults (19–70 y) 35 — 50 1.5 reddened skin;
Pregnant women 35 — — — occasionally
Lactating women 35 — — — accompanied by
Older adults (> 70 y) 35 — — — pain)

Vitamin B6 (mg/d) Sensory
Infants (0–12 mo) ND — — — neuropathy
Toddlers (1–3 y) 30l,n — — —
Children (4–8 y) 40l,n — — —
Children (9–13 y) 60l,n — — —
Adolescents (14–18 y) 80l,n — — —
Adults (19–70 y) 100 200 — 2
Pregnant women 100 — — —
Lactating women 100 — — —
Older adults (> 70 y) 100 — — —

TABLE 6-1 Continued

Critical
Nutrient ULa NOAELb LOAELc UFd Adverse Effect

continued
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Vitamin C (mg/d) Osmotic diarrhea
Infants (0–12 mo) ND — — — and
Children (1–3 y) 400l,n — — — Gastrointestinal
Children (4–8 y) 650l,n — — — disturbances
Children (9–13 y) 1,200l,n — — —
Adolescents (14–18 y) 1,800l,n — — —
Adults (19–70 y) 2,000 — 3,000 1.5
Pregnant women 2,000 — — —
Lactating women 2,000 — — —
Older adults (> 70 y) 2,000 — — —

Vitamin D (µg/d)p Hypercalcemia
Infants (0–12 mo) 25 45 — 1.8
Toddlers (1–3 y) 50g — — —
Children (4–8 y) 50g — — —
Children (9–13 y) 50g — — —
Adolescents (14–18 y) 50g — — —
Adults (19–70 y) 50 — — —
Pregnant women 50 60 — 1.2
Lactating women 50 — — —
Older Adults (> 70 y) 50 — — —

aUL = Tolerable Upper Intake Level: The highest level of daily nutrient intake that is
likely to pose no risk of adverse health effects to almost all individuals in the general
population. Unless otherwise specified, the UL represents total intake from food, water,
and supplements. Because of lack of suitable data, ULs could not be established for
thiamin, riboflavin, vitamin B12, pantothenic acid, biotin, or any carotenoids. This sig-
nifies a need for data. It does not necessarily signify that people can tolerate chronic
intakes of these vitamins at levels exceeding the RDA or AI.
bNOAEL = no-observed-adverse-effect level: the highest intake (or experimental oral
dose) of a nutrient at which no adverse effects have been observed in the individuals
studied.
cLOAEL = lowest-observed-adverse-effect level: the lowest intake (or experimental oral
dose) at which an adverse effect has been identified.

TABLE 6-1 Continued

Critical
Nutrient ULa NOAELb LOAELc UFd Adverse Effect
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dUF = uncertainty factor: a number that is applied to the NOAEL (or LOAEL) to
obtain the UL. The UF incorporates uncertainties associated with extrapolating from
the observed data to the general population. UFs established at the time this document
was written, some of which are presented in this table, range from 1 (expressing great
confidence in the NOAEL) to 36 (reflecting extrapolation from animal to human data
and significant limitations in the data).
eND = not determined or identified. Except for vitamin D, selenium, and fluoride, ULs
could not be established for infants. Because of the unique nutritional needs and toxi-
cological sensitivity of infants (0–12 mo), the UL for adults was not adjusted on a body-
weight basis to derive a UL for infants (as was done for children and adolescents).
fNo data available to identify NOAELs or LOAELs.
gIncreased rates of bone formation in toddlers, children, and adolescents suggest the
adult UL is appropriate for these age groups.
hA solid value for the NOAEL is not available; however, researchers have observed that
daily calcium intakes of 1,500 to 2,400 mg did not result in hypercalcemic syndromes.
i In mg/kg/day.
jModerate and severe forms of enamel fluorosis are characterized by esthetically objec-
tionable changes in tooth color and surface irregularities. This is regarded as a cosmetic
effect rather than a functional adverse effect.
k UL represents intake from supplements, food fortificants, and pharmacological agents
only and does not include intake from food and water.
l The UL value for adults was adjusted on a body-weight basis to estimate the UL for
children.
m The NOAEL of 10.2 g/d for adults was used to set ULs for all other life stage groups
except for pregnant women. The UL for pregnant women was set by decreasing the UL
for adults by 15 percent.
nUL values have been rounded.
oThe UL for α-tocopherol applies to any form of α-tocopherol.
p As cholecalciferol. 1 µg cholecalciferol = 40 IU vitamin D.

SOURCES: IOM (1997, 1998b, 2000).
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in the data). UFs greater than 100 may be required for some nutri-
ents in future evaluations, particularly if data on humans are not
available, great uncertainties are found in the dose-response curve,
and the adverse effect is not reversible. At a UF of 1, the NOAEL
equals the UL.

Information used to establish ULs is summarized in Table 6-1.
Readers are referred to the report Dietary Reference Intakes: A Risk
Assessment Model for Establishing Upper Intake Levels for Nutrients (IOM,
1998a) and the individual nutrient reports (IOM, 1997, 1998b,
2000) for additional information.

EVALUATING THE RISK OF ADVERSE EFFECTS
USING THE UL

How to Use ULs

Because the actual risk curve (probability of adverse effect at each
level of intake) is unknown, it is not possible to determine the actual
risk (likelihood) of adverse health effects for each individual in the
general population. Until more research is done in this area, the
UL is meant to be used as a guidepost for potential adverse effects
and to help ensure that individual intakes do not exceed a safe
intake or do so only rarely.

The procedure for applying the UL in assessing the proportion
of individuals in a group who are potentially at risk of adverse health
effects from excess nutrient intake is similar to the EAR cut-point
method described earlier (Chapter 4) for assessing nutrient inade-
quacy. In this case, one simply determines the proportion of the
group with intakes above the UL. However, because the ULs for
nutrients are based on different sources of intake, one must be
careful to use the appropriate usual intake distribution in the assess-

Box 6-1 Factors to consider when assessing the risk of high intakes:

• the accuracy of the intake data
• the percentage of the population consistently consuming the nutrient

at intake levels in excess of the UL
• the seriousness of the adverse effect
• the extent to which the adverse effect is reversible when intakes are

reduced to levels less than the UL.
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FIGURE 6-1 Hypothetical example of risk of adverse effects compared to popula-
tion intake. The fraction of the population having usual nutrient intakes above the
Tolerable Upper Intake Level (UL) is potentially at risk; the probability of adverse
effects increases as nutrient intakes increase above the UL, although the true risk
function is not known for most nutrients. NOAEL = no-observed-adverse-effect
level, LOAEL = lowest-observed-adverse-effect level.
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ment. For some nutrients (e.g., fluoride, phosphorus, vitamin C) the
distribution of usual intake would need to include intake from all
sources, while for others (e.g., magnesium, folate, niacin, vitamin E)
only the distribution of usual supplement intake would be needed.

Figure 6-1 provides a hypothetical example of the relationship
between population median intakes and the risk function for intakes
at all levels. It can be seen that the percentage of the population at
risk would differ depending on the steepness of the risk function.
As noted above, however, the risk function (the dose-response
curve) for all nutrients is unknown.

Figure 6-2 illustrates a distribution of usual nutrient intakes in a
population; the proportion of the population with usual intakes
above the UL represents the potential at-risk group. An evaluation
of the public health significance of the risk to the population con-
suming a nutrient in excess of the UL would be required to deter-
mine if action was needed.

If no discernible portion of the population consumes the nutrient
in excess of the UL, no public health risk should exist. However, if
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FIGURE 6-2 Population potentially at risk from excessive nutrient intakes. The
fraction of the population consistently consuming a nutrient at intake levels in
excess of the Tolerable Upper Intake Level (UL) is potentially at risk of adverse
health effects. Additional information is necessary to judge the significance of the
risk.

some portion of the population has intakes above the UL, a risk
may exist and the need to take action to reduce population intakes
should be evaluated. For example, the UL for niacin for adults is 35
mg/day. The LOAEL for niacin is 50 mg/day and the uncertainty
factor is 1.5 (indicating a good level of confidence in the data). The
adverse effect noted is a relatively benign vasodilation causing flush-
ing of the skin that may be accompanied by a burning, itching, or
tingling sensation; this effect is readily reversible by a reduction in
intake. The UL for vitamin B6 is 100 mg/day for adults and the
NOAEL is 200 mg/day with a UF of 2. The adverse effect observed—
sensory neuropathy—is a serious and irreversible condition. There-
fore, public health concern over a segment of the population rou-
tinely consuming niacin in excess of the UL would not be as great
as if a segment of the population were routinely consuming vitamin
B6 in excess of the UL.

Figure 6-3 illustrates a situation in which usual dietary intake from
foods represents no discernible risk but the addition of intakes from
supplement usage makes a fraction of the population potentially at
risk. Figure 6-4 represents the type of analysis that would apply when
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FIGURE 6-3 Effect of including supplement intakes on the population potentially
at risk. In this case, nutrient intakes from diet alone are risk-free, but intakes from
supplement plus diet put a fraction of the population at risk. The Tolerable Upper
Intake Level (UL) here applies to all sources of intake. The significance of the risk
is judged by consideration of additional factors.

Population potentially at
risk for adverse effects
from supplement use
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FIGURE 6-4 Risk analysis when the Tolerable Upper Intake Level (UL) applies
only to supplements. The significance of the risk is judged by consideration of
additional factors.
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the data reveal that only supplement usage poses a risk (the UL
applies only to the supplement); in this case only the supplement
intake distribution requires analysis. For example, for nutrients such
as magnesium, folate, niacin, and vitamin E no information exists
on adverse effects occurring from the nutrient when consumption
is from foods; adverse effects have been seen only when the nutri-
ent was consumed as a supplement, as a fortificant added to food
(e.g., folate), or in over-the-counter medications (e.g., magnesium
in antacids). In each of these cases the significance of the risk
requires consideration of more than the fraction of the population
that exceeds the UL. Currently, population usual intake distribu-
tions can be estimated, but the shape of the UL risk curve is
unknown. When this information is available, however, the proba-
bility approach, as described in Chapter 4, can be used to assess the
proportion of the population potentially at risk of adverse effects.
The underlying assumption is that there is a threshold below which
there is negligible risk from overconsumption and above which
dose-response curves for toxicological assessment can be linear,
exponential, or some other shape.

Although members of the general population should be advised
not to routinely exceed the UL, intake above the UL may be appro-
priate for investigation within well-controlled clinical trials. Clinical
trials of doses above the UL should not be discouraged as long as
subjects participating in these trials have signed informed consent
documents regarding possible adverse effects, and as long as these
trials employ appropriate safety monitoring of trial subjects. In addi-
tion, the UL is not meant to apply to individuals who are receiving a
high dose of a nutrient under medical supervision.

The UL is typically derived to apply to the most sensitive members
of the general population. For this reason, many members of the
population may regularly consume nutrients at or even somewhat
above the UL without experiencing adverse effects. However, because
there is no way to establish which individuals are the most sensitive,
it is necessary to interpret the UL as applying to all individuals.

Supplement Use

The need for ULs derives largely from regular, self-prescribed use
of large amounts of highly fortified foods, regular consumption of a
large number of moderately fortified foods, or nonfood sources
such as nutritional supplements, or any combination of the three,
by significant proportions of the population. Few nutrients are con-
sumed through the food supply in amounts that could cause toxicity.
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When this does occur it may be due to composition of the soil,
extremely unusual food choices, or errors during food fortification.

The use of nutrient supplements is growing in the United States
and Canada, with reports from the Third National Health and Nutri-
tion Examination Survey (NHANES III) suggesting that half the
population is using nutritional supplements. Although this infor-
mation is not sufficiently quantitative for estimations of population
intakes, it is known that in some population subgroups nutrient
intakes exceed the UL. Supplements should not be treated casually
even though excessive intakes appear to be harmless because they
are excreted or do not incur a toxic response. It is important to
remember that the ULs are based on chronic exposures. The
amounts of a nutrient considered toxic upon acute exposure are
generally considerably higher than the UL, but have not been estab-
lished for many nutrients.

SOME FREQUENTLY ASKED QUESTIONS

How serious is the risk of adverse effects for individuals chronically con-
suming nutrients at levels greater than the Tolerable Upper Intake Level
(UL)?

The critical adverse effects used to set the UL are listed in Table 6-1. The
dose, the seriousness of the adverse effects, and the extent to which the effects
are reversible upon intake reduction should be considered in evaluating the
risk of adverse effects.

If the mean intake of a population equals the UL, is there no risk?

A population mean intake at the UL suggests that a large proportion (as
much as half) of the population is consuming levels above the UL. This
would represent a very serious population risk of adverse effects.

How different are the ULs from doses that would confer acute toxicity?

The ULs are the maximum levels that can be consumed daily on a chronic
basis without adverse effects. The ULs will generally be much lower than the
levels that are necessary to produce adverse effects after a single exposure.
Few evaluations of the acute toxic intake of nutrients have been made.
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How close are the Recommended Dietary Allowances (RDAs) and ULs?

There is no standard or definable mathematical relationship between the
RDA and the UL. For some nutrients, the two values are widely separated
(for example, the RDA for vitamin B6 for adult women is 1.3 mg/day,
whereas the UL is 100 mg/day). In some cases the two standards cannot be
compared directly because the UL is to be applied only to sources of the
nutrient that are not naturally in foods (e.g., the UL for magnesium is only
for intake from supplements).

Will we find out in a few years that the RDA and Adequate Intake (AI)
are too low and that higher nutrient intakes are better to prevent specific
diseases such as cancer?

As our ability to study the chronic effects of various levels of nutrient
intakes on humans improves, our knowledge of the relationships between
single nutrients and disease prevention will improve. As a result, suggested
desirable intake may increase or decrease. Higher nutrient intakes may not
be found to be better. In some clinical intervention trials, high doses of
β-carotene being studied for cancer prevention were reported to actually
increase the risk of lung cancer in long-term current smokers. This demon-
strates that it is difficult to speculate about even the direction of an effect
when an individual consumes high doses of a nutrient (those that greatly
exceed the amounts found in foods).
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7
Specific Applications:

Assessing Nutrient Intakes
of Groups Using the

Dietary Reference Intakes

This chapter focuses on specific applications of the Dietary Refer-
ence Intakes (DRIs) to assess the nutrient adequacy of groups, in
particular describing and evaluating dietary survey data. The meth-
odological approaches described in Chapters 4, 5, and 6 are applied
to some of the specific uses reported in Chapter 2. (Chapter 3
presents an application for assessing the nutrient adequacy of indi-
vidual diets.) A subsequent report will examine applications of the
DRIs for planning nutrient intakes of groups and individuals, which
includes many of the other uses presented in Chapter 2.

INTRODUCTION

Assessment of the apparent nutrient adequacy of groups typically
has used the former Recommended Dietary Allowances (RDAs) and
Recommended Nutrient Intakes (RNIs) because these were the
primary dietary standards that were available. In many instances,
however, the former RDAs and RNIs were used inappropriately in
dietary assessment applications (e.g., RDAs used for dietary assess-
ment of groups, with some arbitrary percentage of the RDA used as
a cut-point for determining nutrient adequacy of a group).

The applications considered in this chapter are designed to ana-
lyze information about the distribution of average daily intakes over
time, referred to as usual nutrient intakes. Typically, though, survey
data on nutrient intakes of the same individual are only available
for one or two days; sometimes two or more nonconsecutive days of
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dietary recall data are available for a subsample of individuals, with
one day of recall data available for the remainder of the sample.

Thus, to conduct evaluations of dietary survey data, it is usually
necessary first to adjust the intake distributions based on at least
two nonconsecutive days of dietary recalls to obtain the usual nutri-
ent intake distribution. If these adjustments are not made, outcome
variables that rely on any measure other than the group’s mean
intake are biased (Carriquiry et al., 1997; Nusser et al., 1996). For
example, the percentage of individuals in a group with intakes less
than a specified cutoff level would be biased (either over- or under-
estimated) if determined from unadjusted data on nutrient intakes.
See Chapter 4 for methods to adjust intake distributions.

APPLICATION 1: DESCRIBING DIETARY SURVEY DATA

What are the characteristics of the distributions of usual nutrient intake?
How variable are usual intakes?

Data available: 24-hour dietary recall data on a nationally representative
sample of individuals, with two or more nonconsecutive days of data collected
for at least a subsample of individuals.

This discussion assumes that dietary recall data are available from
a nationally representative sample of individuals and have been used
to estimate the usual nutrient intakes of the population from food
and supplements.

The following summary descriptive measures could be examined:
mean, median, and other percentiles of the usual nutrient intake
distribution. An example of appropriate descriptive statistics is given
in Table 7-1.

Many researchers have expressed intakes as a percentage of the
Recommended Dietary Allowance (RDA) primarily to aid the inter-
pretation of descriptive statistics across life stage and gender groups
that have different requirements. Although expressing mean intake
as a percentage of the RDA is not incorrect, it is easily misinterpret-
ed.  These statistics cannot be used to assess nutrient adequacy.
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TABLE 7-1 Describing Nutrient Intakes of Children 4 through
8 Years of Age—Characteristics of Usual Nutrient Intake

Nutrient Reference Intakea Usual Nutrient Intake*

Mean Median
Nutrient Unit EAR RDA AI Intake Intake

Calcium mg/d NAb NA 800 838 808
Phosphorus mg/d 405 500 NA 1,088 1,059
Magnesium mg/d 110 130 NA 212 205
Thiamin mg/d 0.5 0.6 NA 1.44 1.40
Riboflavin mg/d 0.5 0.6 NA 1.91 1.84
Niacin mg/d 6 8 NA 17.6 17.1
Vitamin B6 mg/d 0.5 0.6 NA 1.53 1.48
Folatec µg/d 160 200 NA 232 221
Vitamin B12 µg/d 1.0 1.2 NA 3.83 3.62
Vitamin C mg/d 22 25 NA 96.5 90.0
Vitamin Ed,e mg/d 6 7 NA 5.8 5.6
Seleniume µg/d 23 30 NA 86.8 85.0

aEAR = Estimated Average Requirement; RDA = Recommended Dietary Allowance;
AI = Adequate Intake.
bNA = not applicable.
cThe EAR and RDA for folate are expressed as µg dietary folate equivalents (DFE).
However, insufficient information was available to convert intake data from the Con-
tinuing Survey of Food Intakes by Individuals to DFEs, thus for this example, folate
intake is expressed in micrograms.
dMean and median intake expressed as mg of α-tocopherol.
eDietary intake data for selenium and vitamin E are from the Third National Health
and Nutrition Examination Survey, 1988–1994.
SOURCE: 1994–1996 Continuing Survey of Food Intakes by Individuals.
*NOTE: Does not include intake from supplements.

APPLICATION 2: ASSESSING THE PREVALENCE OF
INADEQUATE OR EXCESSIVE INTAKE

What proportion of the population has inadequate nutrient intake? What
proportion of the population is at risk of excessive nutrient intake?

Data available: 24-hour dietary recall data on a nationally representative
sample of individuals, with two or more nonconsecutive days of data collect-
ed for at least a subsample of individuals.
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Comparing Usual Intakes with the EAR and the UL

Table 7-2 is an example of an evaluation of the intakes of children
4 through 8 years of age. Under certain assumptions an effective
estimate of the prevalence of inadequate intake is the percentage of
a group with usual nutrient intake less than the Estimated Average
Requirement (EAR). Dietary Reference Intakes (DRIs) have not yet

TABLE 7-2 Assessing Nutrient Intakes of Children 4 through 8
Years of Age—What Proportion Has Inadequate Intake? What
Proportion Is Potentially at Risk of Excessive Intake?

Percentage Percentage
Less than Greater than

Nutrient Unit EARa the EAR ULb the UL

Calcium mg/d NAc NA 2,500 <1
Phosphorus mg/d 405 <1 3,000 <1
Magnesium mg/d 110 5 110d UKe

Thiamin mg/d 0.5 <1 NA NA
Riboflavin mg/d 0.5 <1 NA NA
Niacin mg/d 6 <1 15 UK
Vitamin B6 mg/d 0.5 <1 40 <1
Folatef µg/d 160 35 400 UK
Vitamin B12 µg/d 1.0 <1 NA NA
Vitamin C mg/d 22 <1 650 <1
Vitamin Eg,h mg/d 6 60i 300j UK
Seleniumh µg/d 23 <1 150 <1

aEAR=Estimated Average Requirement.
bUL=Tolerable Upper Intake Level.
cNA = not applicable.
dUL for magnesium applies to supplements only, not diet plus supplement.
eUK = Unknown because the UL applies only to intakes from supplements (magnesium)
or from supplemental and fortification sources (niacin, folate, and vitamin E).
fThe EAR and RDA for folate are expressed as µg dietary folate equivalents (DFE).
However, insufficient information was available to convert intake data from the Con-
tinuing Survey of Food Intakes by Individuals to DFEs, thus for this example, folate
intake is expressed in µg. Intake data were collected prior to folate fortification of grain
products and thus underestimate current folate intake.
g The EAR is expressed in mg of α-tocopherol.
h Dietary intake data for selenium and vitamin E is from the Third National Health and
Nutrition Examination Survey, 1988–1994.
i Accurate measures of vitamin E intake are difficult to obtain due to underreporting of
fat intake; it is likely that the percent less than the EAR is an overestimate (IOM, 2000).
jApplies to any form of supplemental α-tocopherol.
SOURCE: 1994–1996 Continuing Survey of Food Intakes by Individuals.
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been established for all nutrients, and some nutrients have Ade-
quate Intakes (AIs) rather than EARs. As a result the only nutrients
to which the probability approach or the EAR cut-point method
(described in Chapter 4) can be applied to assess adequacy in this
example are vitamin B6, vitamin B12 , vitamin C, vitamin E, folate,
niacin, riboflavin, thiamin, magnesium, phosphorus, and selenium.
Additional nutrients will be added as DRIs are developed for them.

To estimate the proportion of the population potentially at risk
from excessive intake, the percentage of the group with usual nutri-
ent intake exceeding the Tolerable Upper Intake Level (UL) is
determined (see Chapter 6). Again, because ULs have not yet been
established for all nutrients, the only nutrients for which the pro-
portion at risk for excessive intake can be estimated are niacin,
vitamin B6, folate, choline, vitamin C, vitamin D, vitamin E, calcium,
phosphorus, magnesium, fluoride, and selenium.  Additional nutri-
ents will also be added to this list as DRIs are developed for them.  It
should be noted however, that even though EARs or ULs are cur-
rently available for some nutrients (e.g., vitamin D, fluoride, and
choline), assessment of adequacy or potential risk of excess is not
possible because these nutrients are not included in the national
intake surveys.

Common Mistakes in Evaluating Dietary Survey Data

Some of the most common mistakes in evaluating dietary survey
data arise from inappropriate conclusions drawn from comparing
mean nutrient intakes with Recommended Dietary Allowances
(RDAs). When mean nutrient intake exceeds the RDA, researchers
often conclude—inappropriately—that diets meet or even exceed
recommended nutritional standards. At one time, when the RDA
was defined as the average intake of a population, this mistake was
understandable.  However, the current definition of the RDA (and
the definition implied in the last two  revisions [NRC, 1980, 1989])
specifically defines the RDA as a goal for the individual. In fact, as
discussed in Chapter 4, because the variance of usual intake typically
exceeds the variance of nutrient requirement for most nutrients,
the mean usual nutrient intake of a group must exceed the RDA to
have a low prevalence of inadequate intakes. Even if mean usual nutri-
ent intake equals or exceeds the RDA, a significant proportion of
the population may have inadequate nutrient intake. This is clearly
shown in Tables 7-1 and 7-2, where both the mean and median of
usual intake of folate exceed the RDA, yet approximately 35 per-
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cent of children 4 through 8 years of age are estimated to have
usual intake less than the requirement.

Mean or median intakes of nutrients with EARs seldom, if ever,
can be used to assess adequacy or excessive intake of group diets.
The prevalence of inadequacy depends on the shape and variation of the
usual intake distribution, not on mean intake. For food energy, however,
mean intake relative to the EAR is a possible measure to use in
assessing the adequacy of group diets. Because there is a high correla-
tion between energy intake and energy expenditure (requirement),
median intake of food energy should be close to the requirement
for there to be low risk of inadequate or excessive intake.

Caution also is necessary when interpreting descriptive statistics
for nutrients with an AI. When mean usual intake of a group exceeds
the AI the expected prevalence of inadequate intake is low. When
mean usual nutrient intake of a group is less than the AI, however,
nothing can be inferred about the probability of inadequacy (see
Chapter 5).

In short, comparing mean intake either to the EAR or RDA or
simply looking at mean intake levels should not be used to assess or
imply relative nutrient adequacy.

APPLICATION 3: EVALUATING DIFFERENCES IN INTAKE

Do different subgroups of the population (food stamp participants and
nonparticipants, for example) differ in their mean nutrient intakes?

• What are the characteristics of the usual nutrient intake distribution for
different population subgroups? Do population subgroups have different
distributions of usual nutrient intake?

• Do population subgroups differ in the proportion with inadequate nutri-
ent intake?

• Do population subgroups differ in the proportion at risk of excessive
nutrient intake?

Research studies often focus either on differences in nutrient
intake for population subgroups or on the relationship between
certain factors and nutrient intakes. Such studies are simply exten-
sions of the dietary survey applications discussed above. They typi-
cally use both descriptive and multiple regression analyses to examine
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differences in nutrient intakes across population subgroups. Descrip-
tive analyses compare differences across subgroups in means, medi-
ans, and percentages with intake less than the Estimated Average
Requirement (EAR) or exceeding the Tolerable Upper Intake Level
(UL). Multiple regression analyses use individual data on nutrient
intakes to estimate the effects of various factors on nutrient intake.
The results can be used to present regression-adjusted differences
in measures among the subgroups.

As an example of this application, consider an evaluation of the
Food Stamp Program (FSP) that involves estimating the relation-
ship between FSP participation and nutrient intakes. In this applica-
tion, 24-hour dietary recall data are available on a nationally repre-
sentative sample of individuals eligible for the FSP. This sample
includes both FSP participants and low-income nonparticipants.

Descriptive Analyses of Nutrient Intakes

Descriptive analyses would examine the mean, median, and other
selected percentiles of the usual nutrient intake distribution.

Statistical tests can be conducted to determine whether FSP par-
ticipation is associated with differences in nutrient intake. In this
case, if comparison of the means is all that is wanted (although of
limited value), no adjustments for usual intake are necessary and a
t-test can be used. However, before performing these tests, it is
important to consider survey weights and survey design effects. If
sampled individuals have different survey weights attached to them
(see Chapter 4), the mean and the standard error of the mean
need to be computed using these weights. If the survey design is
clustered, the variance can be artificially reduced and thus needs to
be adjusted. Various software programs can be used for this purpose.1

However, if interest is on information at the tails of the distribu-
tions (i.e., percentiles), adjustment of the intake distributions to
obtain the usual nutrient intake distributions from the observed
nutrient intake distributions is needed to more accurately reflect

1 Software programs exist to calculate t-tests of the differences between means
when sample individuals have different survey weights and the survey has a cluster
design. Software programs that can be used include SUDAAN (Software for the
Statistical Analysis of Correlated Data, Research Triangle Institute, 3040 Cornwallis
Road, PO Box 12194, Research Triangle Park, NC 27709-2194), WESVAR (Westat
Variance, Westat, 1650 Research Blvd., Rockville, MD 20850), and PC-CARP (Per-
sonal Computer Cluster Analysis and Regression Program, Statistical Laboratory,
Iowa State University, Ames, IA 50011-1210).
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the individual-to-individual variation in intake. For example, one
might wish to determine whether the proportion of individuals with
inadequate intakes is different among FSP participants and low-
income nonparticipants.

To describe differences in the prevalence of apparently inade-
quate nutrient intakes between subgroups, the percentages of FSP
participants and low-income nonparticipants with usual nutrient
intake less than the EAR (for nutrients with an EAR) should be
calculated and compared. Similarly, to describe differences in the
percentage potentially at risk from excessive nutrient intakes by sub-
group, the percentages of FSP participants and low-income non-
participants with usual nutrient intake greater than the UL (for
nutrients with a UL) should be calculated and compared. Tests
such as t-tests can then be conducted to determine whether these
differences are statistically significant.

Multiple Regression Analyses of Nutrient Intake

One important objective of multiple regression analysis is to cor-
rect the simple difference in group mean intake discussed above for
other differences between subgroups. For example, suppose FSP
participants and low-income nonparticipants differ in their charac-
teristics (such as household income or family size) and that these
differences also affect nutrient intake. Multiple regression analyses
(straightforward analyses of covariance) can adjust the simple dif-
ference in mean nutrient intake between FSP participants and non-
participants for differences attributed to household income and
family size. The results of these analyses can be used to calculate
regression-adjusted differences in nutrient intake for different pop-
ulation subgroups.

In multiple regression analysis, the dependent variable refers to
an individual, not to a group. As noted previously, individual nutri-
ent intake observed on one day is not the same as usual nutrient
intake for that individual. Although adjustments can be made to
the intake distribution of a group to estimate the usual intake distri-
bution (see Chapter 4), adjustments cannot usually be made to indi-
vidual values to estimate usual individual intake. The discussion
below focuses on using observed nutrient intake data for individuals
to define dependent variables for multiple regression analyses, how
to interpret the results from the regression analyses, and how to use
the results of these analyses to assess differences in nutrient adequacy
across subgroups.
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Regression-Adjusted Differences in Mean Nutrient Intakes

For a multiple regression analysis of nutrient intakes, the depen-
dent variable is usually the observed individual nutrient intake. In
the context of the FSP, the dependent variable would be observed
nutrient intakes while predictor variables might include—in addi-
tion to food stamp participation—household income, family size,
education, region of residence, and other important characteristics
influencing nutrient intake. This type of multiple regression analysis
typically produces a set of regression coefficients and their standard
deviations. On the basis of the estimated coefficient for FSP partici-
pation, regression-adjusted differences in mean nutrient intake can
be calculated between FSP participants and low-income nonpartici-
pants, controlling for other differences between participants and
nonparticipants that may also influence nutrient intake. In addi-
tion, just as the mean of observed nutrient intake is an unbiased
estimate of mean usual nutrient intake, these regression-adjusted
differences in mean observed intakes are unbiased estimates of
regression-adjusted mean usual nutrient intake.

Multiple regression analysis of nutrient intakes has been used to
assess the relationship between program participation and nutrient
intakes in FSP eligible individuals (Gordon et al., 1995; Oliveira and
Gunderson, 2000; Rose et al., 1998). Specifically, the regression-
adjusted differences in mean intake between program participants
and a comparison group of nonparticipants were interpreted, with
certain caveats, as the estimated effects of program participation.
However, as noted previously, mean intakes cannot be used to assess
nutrient adequacy. Similarly, differences in mean intakes between
subgroups cannot be used to draw conclusions about the effects of
program participation on nutrient adequacy. They can be used only
to make inferences about differences in mean intakes between pro-
gram participants and nonparticipants. The approach described
below provides a method of estimating the effect of FSP participa-
tion on nutrient adequacy.

Comparison of the Prevalence of Inadequate Nutrient Intakes

As discussed above, multiple regression analysis can be used to
estimate differences in mean intakes between two subgroups such
as FSP participants and eligible nonparticipants, while controlling
for other factors that affect nutrient intake. A more difficult research
question, however, is testing the difference between subgroups in
the prevalence of apparent nutrient inadequacy, after controlling for
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other factors that affect nutrient intake. This analysis involves compar-
ing changes to the tail of the intake distributions. In the context of
the FSP, the question is whether the proportion of individuals with
usual intakes below the EAR is different between FSP participants
and nonparticipants, after controlling for other factors that affect
nutrient intake.

A proposed approach that enables users to control for effects of potentially
confounding variables through regression analysis is outlined below, using
the FSP as an example. The required data include:

• one day of intake data for each person
• two independent days of intake for at least a subsample of each group

(however, one day of intake data on each individual suffices if only the
difference in group mean intake is of interest)

• each person’s values for each of the potentially confounding variables
(e.g., income, education, age, etc.), or at least a reliably imputed value, as
well as an indicator for FSP participation status (e.g., participant, non-
participant).

Step 1. First, a regression equation is fitted to the observed intake
data. Variables in the regression model would include FSP partici-
pation (coded as 0 or 1) and any other variables thought to affect
intakes. For example, if age were the only other variable considered
relevant, the equation would be:

Observed intake (Y) = constant + B1(age) + B2(FSP participation) + error.

The fitted regression equation would contain estimated values for
the constant and the regression coefficients for FSP participation
and for any other variable that was included in the model. These
estimated values are denoted as b1, b2, b3, etc.

Step 2. Given the estimated regression coefficients from the first
step, a standard predicted intake value is generated for each indi-
vidual by inserting the values of the covariates for the individual,
appropriately centered, into the fitted regression equation. The modifier
“standard” is used because in this step, one standardizes individual
intakes to those that would be observed if everyone in the sample
had been, for example, the same age and had the same income.
Suppose that the sample consisted of all women aged 20 to 50. A
good centering or standardizing age would be 35, the midpoint of
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the sample age range. This step therefore, standardizes all intakes
to values that would have been observed had all sampled individuals
differed only in the FSP participation status. If age were the only
other covariate, the standardized predicted intakes would be calcu-
lated as:

Standardized predicted intake = observed intake (Y) – b1(age – 35),

where b1 is the estimated regression coefficient associated with age.
If age is the only covariate (other than FSP participation) believed

to be associated with intake, the standard predicted intakes above
would correspond to intake values adjusted to a standard age (in
this case 35). In essence, step 2 removes the effect of the covariates
other than FSP participation on intakes. If the effect of age is to
increase intake (i.e., if b1 is positive), then the standard predicted
intakes for individuals who are younger than 35 will be larger than
the observed intake for those individuals. On the other hand, the
standard predicted intakes for individuals who are older than 35
will be smaller than the intakes observed.

Step 3. Next, the effect of day-to-day variability is removed from
the standardized predicted intakes to produce an adjusted usual
intake distribution. This step, described previously in Chapter 4,
would be done separately for the two groups. Once an adjusted
usual intake distribution has been obtained (standardized, for exam-
ple, to age 35) for each group of individuals, the proportion of each
group with intakes below the EAR can then be determined and
compared using a simple t-test.

It is important to note that:

• The estimates of prevalence of inadequacy in each of the two
groups obtained using the adjusted standardized intakes will be
biased, and perhaps severely so. This is because the adjusted stan-
dardized intakes have a variability that is too small. When using the
standardized intakes in the adjustment procedure, one proceeds as
if the regression coefficient b1 was a known, fixed value.  In reality,
b1 is an estimate, and as such has a variance that is not “added” to
the variance of observed intakes. However, the difference between the
prevalence estimates for the two groups will still be approximately unbiased,
as long as the distribution of ages among the two participation
groups is approximately similar, or as long as individuals in one
group tend to be younger than individuals in the other group. If,
however, all individuals in one group have ages clustered around
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the centering age value, while all individuals in the other group
have ages that are either much lower or much higher than the
centering value, then the adjustment above will lead to biased infer-
ences about the effect of FSP participation on the prevalence of
inadequacy.

• Only one covariate has been included in this example. The
approach above extends naturally to the case of more than one
covariate, and the same centering principle would hold. If, for exam-
ple, income was a second covariate and if the range of incomes in
the sample went from $10,000 to $40,000, then the appropriate
centering value for income would be the midpoint ($40,000 -
$10,000)/2 + $10,000 = $25,000. In this case, one would be adjust-
ing observed intakes to look like the intakes that would have been
observed if all individuals had been 35 years of age and earned
$25,000.

• The adjustment above relies on the ability to accurately specify a
regression model for intake. The model needs to contain all covariates
thought to be associated with intake, particularly if they are also
thought to be correlated with FSP participation. The estimated
regression coefficients will have better statistical properties when
intakes are approximately normally distributed.

The hypothetical example below (see also Table 7-3) illustrates
the first four steps of this approach to assess whether FSP participa-
tion affects the mean intake of the group or the prevalence of inad-
equacy of nutrient A.  In this example, it is suspected that age may
influence intake of nutrient A and may also be associated with FSP
participation. For each of a large group of individuals, 2 days of
intake data are available, and the age of each individual is known.
Some are FSP participants (FSP = 1) and others are not (FSP = 0).
The overall group mean intake of nutrient A is 772 units. Table 7-3
shows data for six of these individuals.

Step 1. In the first step, a regression model is fitted to the intake
data (column 4 of the table). The resulting prediction equation is:

Observed intake = –9 + 21.7 × age + 68.7 × FSP

Step 2. Next, standard predicted intakes are calculated for each
individual for each day of intake. The regression coefficient associ-
ated with age generated from the intake data is used, but the coeffi-
cient for FSP participation and the intercept are not included. The
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TABLE 7-3 Data for Six Individuals from a (Hypothetical)
Large Survey of Food Stamp Program (FSP) Participants and
Nonparticipants

FSP Participant Standardized
Individual (1=yes; 0=no) Age Observed Intakea Predicted Intakeb

1 1 23 558 819
657 918

2 1 39 825 738
1,024 937

3 1 36 871 850
964 943

151 0 44 995 800
922 726

152 0 37 799 755
740 696

153 0 40 890 781
874 765

a These values represent the actual intakes for each individual on the 2 days for which
diet records were kept.
b Standardized predicted intake is calculated as: observed intake (Y) – b1(age – 35). The
value for b1 is 21.7 in this example.

centering value chosen for age is 35, the midpoint of the range of
ages among individuals. Thus, the equation used is:

Standardized predicted intake = observed intake (Y) – 21.7 × (age – 35),

these intakes are shown in the last column of the table.
Step 3. Age-standardized intakes are then used in transformations

to remove the effect of day-to-day variability, leading to age-
standardized usual intake distributions for FSP participants and FSP
nonparticipants (see Chapter 4). Note that these distributions will
have the incorrect spread relative to the distribution of usual intakes
that would be obtained if individuals had not been standardized to
have the same age.

Step 4. Finally, the proportion of individuals with intakes below
the EAR in each age-adjusted usual intake distribution can be com-
pared to determine whether FSP participation affects the preva-
lence of nutrient inadequacy. The actual estimates of inadequacy in
each group are meaningless; only the difference between the two
prevalence estimates is approximately unbiased.
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Cautions Regarding the Use of Binary Variables for Inadequacy

In an analysis of the probability of inadequacy, researchers might
be tempted to determine differences in nutrient adequacy between
two groups by obtaining an estimate of each individual’s usual intake
(perhaps by using the observed mean intake as the estimate) and
then determining whether the individual is consuming adequate
amounts of the nutrient by comparing the intake to the EAR. In
this way, a categorical variable with two values (0 for inadequate, 1
for adequate) can be created and used as a response variable in a
regression.

Dependent variables should not be binary variables for inadequacy, defined
on the basis of nutrient intake below the EAR or below any other threshold
value. This is because an individual’s true requirement is unknown.
Individuals whose usual nutrient intake is below the EAR may still
be meeting their own nutrient requirement; while individuals whose
usual nutrient intake is above the EAR may not be satisfying their
individual nutrient requirement. As a result, a binary variable denot-
ing whether an individual’s usual nutrient intake is less than the
EAR will misclassify some individuals.2

A second problem associated with using a binary variable to denote
nutrient inadequacy is that observed nutrient intake for an individ-
ual differs from usual nutrient intake. Therefore, some individuals
will be classified as below the EAR on the basis of observed nutrient
intake although their usual nutrient intake would put them above
the EAR, and vice versa. In general, because of underreporting,
using observed nutrient intake data overstates the proportion of
individuals with usual nutrient intakes less than the EAR.

As a result of both of these considerations, a logistic regression
for multivariate analysis in which the response variable is a binary
variable constructed by comparing the individual’s intake to the
EAR will lead to biased estimates of the effects of the covariates on
the probability of inadequacy.

2 For a group, the percentage with usual intake less than the EAR is a good
estimate of the proportion with inadequate usual nutrient intake because those
individuals who are misclassified cancel each other out. That is, the individuals
with usual nutrient intake less than the EAR who are still meeting their require-
ment are offset by the individuals with usual nutrient intake above the EAR who
are not meeting their requirement (triangles A and B of Figure 4-8).
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SUMMARY

Table 7-4 summarizes these applications of the Dietary Reference
Intakes (DRIs) to assess nutrient intakes of groups. Answers to many
of the descriptive questions—such as those regarding the character-
istics of the distribution of usual nutrient intake and differences in
mean nutrient intakes between population subgroups—do not depend
on the DRIs. However, determining the proportion of a group with
inadequate usual nutrient intake is only possible for nutrients with
Estimated Average Requirements (EARs). Determining the propor-
tion of a group potentially at risk of adverse effects due to excessive
usual nutrient intake is only possible for nutrients with Tolerable
Upper Intake Levels (ULs). DRIs have not yet been established for
many important nutrients and either an EAR or a UL has not yet
been determined for others. An important issue, therefore, is what
to do until the DRIs are established for these other nutrients.
Descriptive applications (such as the example in Table 7-1) might
combine information for nutrients with DRIs along with nutrients
for which only the older Recommended Dietary Allowances (RDAs)
or Recommended Nutrient Intakes (RNIs) are available.  However,
for evaluation measures (such as the example summarized in Table
7-2), nutrients or food components which do not yet have EARs and
ULs under the DRI process should be omitted from applications
that assess the prevalence of inadequate intakes or those at poten-
tial risk of adverse effects due to excessive intakes.
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TABLE 7-4 Applications: Evaluating Dietary Survey Data

Measures Nutrients

What are the characteristics of the distribution of usual nutrient intake?

Mean nutrient intake All nutrients under consideration
Median usual nutrient intake
Percentiles of usual nutrient intake

distribution

What proportion of the population has inadequate usual nutrient intake?

Percentage with usual intake less Vitamins: thiamin, riboflavin, niacin, B6,
than the Estimated Average folate, B12, C, E
Requirement (EAR) Elements: phosphorus, magnesium,

selenium

What proportion of the population is at potential risk of adverse effects?

Percentage with usual intake greater Vitamins: niacin, B6, folate, choline,
than the Tolerable Upper Intake C, D, E
Level (UL) Elements: calcium, phosphorus,

magnesium, fluoride, selenium

Are there differences in nutrient intakes and differences in nutrient adequacy for different
subgroups of the population?

Mean nutrient intake for subgroups All nutrients under consideration
Median usual nutrient intake for

subgroups
Percentiles of the usual nutrient

intake distribution for subgroups

Percentage with usual intake less Vitamins: thiamin, riboflavin, niacin, B6,
than the EAR for subgroups folate, B12, C, E

Elements: phosphorus, magnesium,
selenium

Percentage with usual intake greater Vitamins: niacin, B6, folate, choline,
than UL for subgroups C, D, E

Elements: calcium, phosphorus,
magnesium, fluoride, selenium
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Comments

Mean nutrient intake should not be used to assess nutrient adequacy.

This measure is not appropriate for food energy, given the correlation between
intake and requirement.

This measure is not appropriate for nutrients for which an EAR has not been set.

This measure is not appropriate for nutrients for which a UL has not been set.

Conduct multiple regression analyses of nutrient intakes; compare regression-
adjusted mean intake for the different subgroups.

Regression-adjusted mean nutrient intake should not be used to assess nutrient
adequacy.

Statistical tests of significance can be used to determine whether the differences
across subgroups in percentages less than the EAR are statistically significant.

This measure is not appropriate for food energy because of the correlation
between intake and requirement.

This measure is not appropriate for nutrients for which an EAR has not been set.

Statistical tests of significance can be used to determine whether the differences
across subgroups in percentages greater than the UL are statistically
significant.

This measure is not appropriate for nutrients for which a UL has not been set.
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IV
Fine-Tuning Dietary

Assessment Using the DRIs

In Part IV, the report examines issues that may affect the dietary
assessment methods that are described in Parts II and III and high-
lights areas of research that need attention.

A brief description of ways to increase the accuracy in the measure-
ment of intakes and requirements, and the importance of represen-
tative sampling techniques are highlighted in Chapter 8.  Chapter 9
provides recommendations for research needed to improve and
refine nutrient assessments.
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8
Minimizing Potential Errors in

Assessing Group and
Individual Intakes

This chapter presents information on ways to minimize errors in
dietary assessments, including tailoring the Dietary Reference Intakes
(DRIs) to the specific group or individual, ensuring that the intake
data have the highest accuracy feasible, minimizing sampling errors
when collecting intake data on groups, and determining standard
deviations of prevalence estimates.

Dietary assessments involve comparing nutrient intakes of individ-
uals or groups with the DRIs. Thus, there are two primary areas
where potential measurement errors can influence assessment results:
(1) determining nutrient requirements; and (2) measuring dietary
intake, including using appropriate sampling strategies, and accu-
rate nutrient composition for foods consumed.

Intake data need to be collected with the most accurate tech-
niques available, with cost and feasibility of evaluations taken into
account. Furthermore, the assessment must use appropriate DRIs,
and consider the age, gender, physiological status, and other rele-
vant characteristics (e.g., smoking status) of the individual or group
being assessed. If estimates of intakes or requirements (or upper
limits) are incorrect, the assessment of inadequate or excess nutri-
ent intakes for the individual or the group will also be incorrect.

TAILORING REQUIREMENTS FOR
SPECIFIC GROUPS AND INDIVIDUALS

The Dietary Reference Intakes (DRIs) can be adjusted to be more
appropriate for specific individuals or groups. For example, adjust-
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ments might be made for body size, energy intake, or physiological
status. However, such adjustments are usually not necessary since
the DRIs are assumed to apply to all healthy individuals in the speci-
fied life stage and gender group.

Are there situations when adjustments to the Estimated Average Require-
ment (EAR), and thus the RDA, should be made for certain individuals to
ensure that they are at little or no risk of nutrient inadequacy?

In most cases, adjustments are not likely to be required because the EAR
already accounts for normal individual variability. However, adjustments
may be warranted for individuals who have unusually high or low body
weight, experience physiological changes at unusual ages, experience unusual
physiological changes, or have unusually high energy requirements. These
situations are discussed below.

Body Weight

When nutrient recommendations are established in relation to
body weight, the weight of a reference individual is often used to
derive DRIs. (See Appendix A for reference weights used in devel-
oping the DRIs.) For example, the RDA for protein has traditionally
been related to body weight and in the 10th edition of the RDAs
(NRC, 1989) the RDA for protein was set at 0.8 g of protein per kg
body weight. Summary tables list RDAs of 63 and 50 g/day of pro-
tein, respectively, for reference adult men and women weighing 79
and 63 kg (NRC, 1989). Recommendations for individuals above or
below these reference weights would be modified accordingly. For
example, the RDA for individuals weighing 45 and 100 kg would be
36 and 80 g/day of protein, respectively. When this adjustment is
made the individuals are assumed to have relatively normal body
composition because protein requirements are related more
strongly to lean body mass than to adipose tissue mass. Thus, a
protein intake of 160 g/day would not be recommended for an
obese individual weighing 200 kg. None of the DRIs established at
the time this report went to press have been expressed in relation to
body weight.
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Age and Physiological Stage

For some nutrients, requirements change across the lifespan in
association with physiological changes that are assumed to occur at
various average ages. For example, the AI for vitamin D is higher
for adults older than 50 years than for those younger than 50 years,
and the recommendation for vitamin B12 is that individuals older
than 50 years obtain most of their vitamin B12 from fortified foods
or supplements. For these nutrients, the changes in recommenda-
tions are associated with age-related changes in vitamin D metabo-
lism and in gastric acidity, respectively. These changes do not occur
abruptly at age 50 and it could reasonably be suggested that average
dietary requirements would be increased at the upper end of the
51- through 70-year age range.

In other situations the physiological changes that result in differ-
ent requirements occur over a shorter time or can be identified by
individuals. An example would be iron requirements of women.
The requirements for women ages 31 through 50 years are intended
to cover losses associated with menstruation whereas for women
older than 50 years it is assumed that menopause has occurred.
Onset of menopause, then, rather than age, is the physiologically
significant event.

Energy Intake

Although the EARs for intake of thiamin, riboflavin, and niacin
are not set based on energy intake (IOM, 1998b), it may be appro-
priate to evaluate intake of these vitamins as a ratio to energy intake
for some populations.

The DRI report on the recommended intakes for the B vitamins
(IOM, 1998b) notes that no studies were found that examined the
effect of energy intake on the requirements for thiamin, riboflavin,
or niacin and thus these EARs and RDAs were not based on energy
intake. Despite this lack of experimental data, the known biochem-
ical functions of these nutrients suggest that adjustments for energy
intake may be appropriate, particularly for individuals with very high
intakes (such as those engaged in physically demanding occupa-
tions or who spend much time training for active sports). Adjust-
ments may also be appropriate for healthy people with low intakes
due to physical inactivity or small body sizes.

For thiamin, riboflavin, and niacin, an energy-adjusted EAR may
be calculated as the ratio of the EAR to the median energy require-
ment for an individual or population. Because DRIs have not been
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set for energy as of the writing of this report, the requirements for
energy recommended in the 10th edition of the RDAs (NRC, 1989)
can be used. For example, the thiamin EAR for men 19 through 50
years is 1.0 mg/day and for women is 0.9 mg/day. The recommended
median energy intake for men and women 24 through 50 years of
age is 2,900 and 2,200 kcal/day, respectively (NRC, 1989). Thus, an
energy-adjusted thiamin EAR for adults in this age group would be
0.34 mg/1,000 kcal for men and 0.41 mg/1,000 kcal for women. As
was suggested in 1989, for adults with intakes below 2,000 kcal/day,
the requirement should not be further reduced (i.e., 0.68 mg/day
for men and 0.82 mg/day for women).

An energy-adjusted RDA can be calculated from the energy-
adjusted EAR by adding two standard deviations of the requirement.
For thiamin, the coefficient of variation of the requirement is 10
percent, so the energy-adjusted RDA would be 20 percent higher
than the energy-adjusted EAR, or 0.41 mg/1,000 kcal for men and
0.49 mg/1,000 kcal for women.

MINIMIZING ERRORS IN MEASURING DIETARY INTAKES

Factors influencing food and nutrient intakes are often the same
as those influencing requirements, such as life stage, body size, life-
style, genetic determinants, environment, etc. Food availability and
culture also influence intakes but are not related to individual bio-
logical requirements. Box 8-1 summarizes points to consider in min-
imizing error in collecting dietary intake data.

Dietary intakes are determined using a variety of research instru-
ments (e.g., 24-hour recall questionnaires, food records, food-
frequency questionnaires, diet histories) that elicit information on
types and amounts of food and beverage items consumed. This
information is used with values from a nutrient composition data-
base to determine dietary nutrient intake. Contributions of nutrient
supplements to dietary intakes are similarly assessed. Following are
some techniques for intake measurement that apply to most dietary
data collection processes and can help avoid bias and measurement
error—and therefore help to ensure the accuracy of individual and
group intake measurements. For a more complete review of these
issues, see Cameron and Van Staveren (1988), LSRO (1986), NRC
(1986), and Thompson and Byers (1994).
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BOX 8-1 Key Steps in Measuring Dietary Intake

• Select the appropriate methodology
• Ascertain all food consumed

— consider omissions, additions, and substitutions of foods in recalls
— consider water consumption and over-the-counter medications for

nutrient contributions
— use memory probes to improve accuracy
— keep interview frustrations to a minimum
— keep interview atmosphere neutral with respect to social values
— use interviewers with knowledge of culture and language related to

food
• Accurately determine portion sizes consumed

— use food or portion models
— train for use of models

• Determine nutrient supplement use
• Consider whether intakes may vary systematically as a result of

— seasonality or periodicity of food use
— chronic or systemic illness
— rapid dietary transitions

• Consider the unit of observation (individual, household, or population)
• Use accurate food composition data, considering

— variability in nutrient levels in foods as consumed
— nutrient values in databases that are missing or calculated rather

than measured
— whether the databases include culture-specific food
— bioavailability

Select the Appropriate Methodology

Dietary intake data are commonly collected using one or more
days of recall or records. However, collection of dietary intake data
using methods other than a few days of direct reporting of all foods
and amounts consumed (e.g., food-frequency questionnaires, diet
histories, and household inventories) may appear to be attractive
alternatives. Because of the ease of administration and entry of con-
sumption data, semi-quantitative food-frequency questionnaires are
widely available and often used in epidemiological studies. These
types of questionnaires may be appropriate for ranking intakes in
epidemiological studies, but, as noted below, are seldom accurate
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enough to use to assess the adequacy of dietary intakes of either
individuals or groups due to several limiting characteristics of semi-
quantitative food frequencies.

First, there is no direct quantitative assessment of individual amounts
consumed (Kohlmeier and Bellach, 1995). Either an average por-
tion for all individuals in a group is assumed or the options are
limited to a few categories, such as small, medium, and large. Assess-
ment requires a precise quantification of nutrient intakes, and for
this, accurate portion sizes are needed. Frequencies of consump-
tion are truncated in a limited number of categories (usually five or
seven).

Second, a food-frequency questionnaire does not assess intakes of
all available foods. Foods are limited to those that are considered
major contributors to the nutrients under study (Block et al., 1986),
or to the foods that contributed most to the variance in intake in a
specific group at the time the questionnaire was designed (Willett
et al., 1987). Food-frequency questionnaires do not attempt to cap-
ture all food sources of a nutrient quantitatively.

Third, because of the discrepancy between thousands of foods
being offered in a supermarket and a set of questions limited to a
few hundred at most, many foods are combined in one question.
Food composition data are averaged in some way across these foods,
and the individual who consumes only one or another of these or
eats these in other proportions will be incorrectly assessed with the
nutrient database being used. As a result intakes may be either over-
or underestimated. Also often overlooked is that food-frequency
questionnaires are only applicable to the population for which they
are designed and are based on their consumption patterns at a
specific time. Continually changing food consumption patterns and
new food offerings require that periodic changes be made in food-
frequency questionnaires.

Diet histories, like food frequencies, attempt to capture usual diet
but, unlike food frequencies, include quantitative assessment of por-
tions and include the assessment of all foods eaten in a cognitively
supportive fashion (meal by meal) (Burke, 1947). Because they are
quantitative and do not truncate information on frequency, amount,
or the actual food items consumed, diet histories overcome many of
the limitations of food-frequency questionnaires for assessment of
the total nutrient intakes of individuals (Kohlmeier and Bellach,
1995). Diet histories have also been shown to capture total energy
intake more accurately than other methods (Black et al., 1993).
However, if conducted by an interviewer, rather than a preset com-
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puter program, they may show between-interviewer differences in
responses (Kohlmeier et al., 1997).

Household inventories are weak measures of total food intake
because of food waste, food consumed by guests or pets, and the
large amount of food consumed outside of the home. They also
require assumptions about the distribution of food consumption
among the people within a household when the household includes
more than one person.

Maintaining weighed food records over multiple days can provide
a solid basis for nutrient assessment as long as the recording of food
intake does not influence usual intake behavior and as long as sea-
sonality in nutrient intake, where it exists, is adequately captured.

In summary, intakes assessed by 24-hour recall, diet records, or quantita-
tive diet histories remain the strongest bases for quantitative assessment of
nutrient adequacy using the Dietary Reference Intakes (DRIs). Quantitative
assessments require both accurate determination of the quantities of foods
consumed by an individual and inclusion of all of the foods that contribute
even modestly (more than 5 percent) to the total nutrient intake. Not all
dietary intake instruments are designed to meet these requirements. Their use
for this purpose is likely to result in inaccurate assessments.

Ascertain All Foods Consumed

Either because of poor memory or a reluctance to report foods
felt to be inappropriate, people often omit, add, or substitute foods
when recalling or reporting dietary data. On average, total energy
intake tends to be underreported by about 20 percent, although
the degree of underreporting varies with weight status, body mass
index, etc. (Johnson et al., 1998; Lichtman et al., 1992; Mertz et al.,
1991). The most common additional food items that were remem-
bered after prompting in the U.S. Department of Agriculture’s Con-
tinuing Survey of Food Intake by Individuals (1994–1996, Day 1)
were beverages, including alcoholic beverages, and snack food, with
5 to 10 percent of nutrient totals being added after prompting (B.
Perloff, U.S. Department of Agriculture, unpublished observations,
1998). If foods—and therefore nutrients—are underreported, then
the prevalence of inadequate intakes for a population or the proba-
bility of inadequacy for an individual may be overestimated. Little is
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known about the relative sizes of nutrient versus energy under-
reporting.

Various techniques may be used to encourage accurate reporting.
Because many studies of dietary intake rely on subjects’ memory of
food, food ingredients, and portion sizes, dietary survey instruments
often specify the use of memory probes and cues to improve accuracy
(Domel, 1997). Those with poor memory, such as some elderly
adults and young children, are not good candidates for dietary
intake interviews (Van Staveren et al., 1994; Young, 1981).

Some retrospective diet studies depend on the individual’s long-
term recall of past food intake and rely on memory that is more
generic than that for recent intake. Complete food lists and probes
using specific circumstances of life are helpful in these studies (Dwyer
and Coleman, 1997; Kuhnlein, 1992; Smith et al., 1991a). The inter-
view atmosphere should be kept neutral so that respondents do not
feel they must report (or not report) items because of their social
desirability (Hebert et al., 1997).

When dietary intakes are assessed for individuals with strong cul-
tural or ethnic identities, it is useful to employ interviewers from
the same background who speak the language of the interviewees
and can knowledgeably guide dietary information exchange about
the food, its ingredients, and portion sizes. Food composition data-
bases used should contain the appropriate culture-specific food
items. Respondents must be literate if written survey instruments
are used (Hankin and Wilkens, 1994; Kuhnlein et al., 1996; Teufel,
1997).

Accurately Determine Portion Sizes Consumed

To minimize portion size as a source of error, various kinds of
food models, portion-size models, and household measures have
been used to assist the respondent (Burk and Pao, 1976; Guthrie,
1984; Haraldsdottir et al., 1994; Thompson et al., 1987; Tsubono et
al., 1997). Training the interviewer in use of portion-size models
improves accuracy of reporting (Bolland et al., 1990).

Determine Nutrient Supplement Use

Supplement use needs to be determined, and quantified, to obtain
accurate estimates of the prevalence of inadequate nutrient intakes
for a group. Otherwise, the prevalence of inadequacy will be over-
estimated, as will the probability of inadequacy for an individual.
However, the proportion of individuals with intakes above the
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Tolerable Upper Intake Level (UL) may be underestimated. The
extent of under- or overestimation will depend on the dosages and
frequency of use, and for groups, on the percentage of the group
using supplements. Currently, the only national surveys available
which quantify supplement usage along with dietary nutrient intakes
are the 1987 National Health Interview Survey and the Third National
Health and Nutrition Examination Survey.

Merging two different databases—one dealing with food use and
the other dealing with supplement use—to estimate the distribu-
tion of usual total intakes is complex because supplements provide
relatively high doses of specific nutrients but may be taken intermit-
tently. More accurate methods for measuring nutrient supplement
intake are needed.

When assessing adequacy of intake, it may be helpful to average
supplement intake over time when the supplement is consumed
intermittently (e.g., once per week or month). This will mask or
smooth out the high intake associated with the day the supplement
was actually consumed. This smoothing effect might be appropriate
when assessing for chronic high intakes using the UL. However, if
acute effects on health are possible from excessive intake of a nutri-
ent, then a different approach to combining food and supplement
intake needs to be proposed. An additional drawback of smoothing
supplement intakes is that the day-to-day variability in nutrient
intake cannot be estimated. This creates a problem when estimat-
ing the usual nutrient intake distribution in a group.

Consider Whether Intakes May Vary Systematically

When dietary intakes of a population or a population subset (e.g.,
athletes in training) vary systematically, reasons for this variation
must be understood and incorporated into data gathering. These
techniques also are part of defining what is usual intake (for example,
over a calendar year). If systematic variations are not considered,
prevalence of inadequate intakes may be under- or overestimated.

Seasonality and Other Issues of Periodicity

Seasonal effects on dietary intakes are reflected in changing pat-
terns of food availability and use. These effects are usually greater
for food items than for energy or nutrients (Hartman et al., 1996;
Joachim, 1997; Van Staveren et al., 1986). The season of collecting
yearly dietary data may bias results because the data will selectively
overemphasize items consumed during the season of the interview
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(Subar et al., 1994). Seasonally available local cultural food may
affect seasonal and yearly average nutrient intakes (Kuhnlein et al.,
1996; Receveur et al., 1997). The effects of seasonality on estimated
nutrient intakes can be alleviated by a well-designed data collection
plan.

Within-person variability also may include other nonrandom com-
ponents (Tarasuk and Beaton, 1992), some of which may be related
to sociocultural factors (e.g., intakes may differ between weekdays
and weekend days) (Beaton et al., 1979; Van Staveren et al., 1982)
and some of which is physiological (e.g., women’s energy intakes
vary across the menstrual cycle) (Barr et al., 1995; Tarasuk and
Beaton, 1991a).

Illness and Eating Practices

Chronic illness affecting intakes of a part of the population is
reflected in group dietary intakes and may bias the prevalence of
inadequate intakes in what is assumed to be a normal, healthy pop-
ulation (Kohlmeier et al., 1995; McDowell, 1994; Van Staveren et
al., 1994). Parasitism, eating disorders, and dieting—which may be
prevalent in segments of a population—may affect food intake.
Unlike dieting, illness presents a problem not only with regard to
intake data but also in the assumptions underpinning the assess-
ment of adequacy because the DRIs were established for normal,
healthy populations.

Rapid Dietary Transition Including Effects of Interventions

Data may be biased by individuals whose dietary intakes are affected
by rapidly changing life circumstances (such as migration or refu-
gee status) or by successfully implemented nutrition intervention
programs. Thus, it is important to consider how many affected indi-
viduals are included in the data sample (Crane and Green, 1980;
Immink et al., 1983; Kristal et al., 1990, 1997; Yang and Read, 1996).

Consider the Unit of Observation (Individual, Household,
or Population)

Data on nutrient intakes are sometimes collected for households
rather than for individuals. When this is the case, the level of aggre-
gation of the dietary data must be matched with an appropriate
level of aggregation for the requirements. Appendix E discusses
how requirement data may be aggregated at the household level. It
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is sometimes of interest to compare population-level consumption
data (such as food disappearance data for a country) with a require-
ment estimate. Appropriate ways to make such comparisons are also
discussed in Appendix E. However, the methods involve many
assumptions, and errors may be large.

Use Accurate Food Composition Data

Deriving nutrient intake data from dietary intake data requires
the use of a food composition database. Accuracy of the food com-
position data and the software to access it are critical for assess-
ments of dietary adequacy. Nutrient databases need to be kept cur-
rent and contain data on dietary supplements. In the United States
and Canada the primary sources of nutrient composition data are
the U.S. Department of Agriculture Nutrient Database for Standard
Reference, Release 13 and its revisions (USDA, 1999; Watt et al.,
1963).

Databases should be evaluated for the number of food items
included that are relevant to the population under study (Kuhnlein
and Soueida, 1992; Smith et al., 1991b). The currency of data for
foods derived from recipes is important; they should reflect changes
in fortification levels of primary ingredients. Ideally, the database
should not have missing values, and values calculated from similar
food items should be identified (Buzzard et al., 1991; Juni, 1996;
Nieman et al., 1992).

Other considerations when evaluating databases include whether
the values are for food as consumed (rather than as purchased);
nutrient analytical methodology used, including extent of sampling
required and feasibility of addressing variability in nutrient content;
and conventions and modes of data expression (Greenfield and
Southgate, 1992; Rand et al., 1991).

When accurate food consumption data are not available, it may
be more meaningful to compare food intake to food-based dietary
standards (such as the Food Guide Pyramid [USDA, 1992]) than to
compare nutrient intake to the DRIs.

Other Factors to Consider

For nutrients with a wide range of biological availability in food, a
population’s prevalence of inadequate intakes will be inaccurately
estimated if the average bioavailability for foods chosen by individuals
in the population differs from the bioavailability assumed when set-
ting the Estimated Average Requirement (EAR). The distribution
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of nutrient intakes also may be inaccurate if bioavailability varies
within the population but is not considered when nutrient intake is
estimated for each individual. Zinc, niacin, iron, and provitamin A
carotenoids are nutrients with well-known issues of bioavailability.
Nutrient equivalents are sometimes used (e.g., niacin equivalents
for assessing niacin intake and retinol equivalents for assessing
intakes of provitamin A carotenoids) (IOM, 1998b, 2000). The use
of dietary folate equivalents to reflect the bioavailability of supple-
mental folate in contrast to folate naturally present in food has
been recommended for evaluating dietary data (IOM, 1998b).

ISSUES OF VARIANCE IN DIETARY ASSESSMENT

Selecting a Representative Subsample of a Group

For large groups of people, it is not usually practical to assess the
intake of every individual. Thus, a representative subsample is selected
and assessed and the findings are extended to the full population.
The methods used for ensuring that a sample is truly representative
can be complex, but the results of an assessment can be misleading
if the individuals who are assessed differ from the rest of the group
in either intakes or requirements. Errors can arise if the sample is
nonrepresentative. For example, a telephone survey might select
more high-income participants by missing families who are too poor
to own a telephone. Alternatively, the people who refuse to partici-
pate are not a random subsample (e.g., working mothers might be
much more likely to refuse than retired people). Therefore, assis-
tance from a statistician or other expert in survey sampling and
design should be obtained (Dwyer, 1999; Van Staveren et al., 1994).

Determining Standard Deviations of Prevalence Estimates

Is the estimated prevalence of nutrient inadequacy in a population signifi-
cantly different from zero?

Answering this question requires estimating the standard deviations asso-
ciated with the prevalence estimates.

The prevalence estimates obtained from the application of either
the probability approach or the Estimated Average Requirement
(EAR) cut-point method are exactly that: estimates. As such, there
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is uncertainty associated with them and this uncertainty can, in
principle, be reflected in a standard deviation for the prevalence.
Uncertainty in the prevalence estimates can come from three
sources: sampling variability, variability associated with the EAR, and
variability associated with collection of intake data.

Sampling Variability

Any time a sample of individuals is used to make inferences about
a larger group, a statistical error (often called sampling variability)
is incurred. In the case of dietary assessment, not only are the intake
data obtained for just a sample of individuals in the group, but also
the sample of intake days is small for each of those individuals.
Therefore, two sources of sampling variability are immediately iden-
tifiable—one arising from not observing the entire population and
one arising from not observing intake on all days for each individual.

Statistical techniques can be used to estimate the amount of sam-
pling variability associated with prevalence estimates, although the
computations are complex. When standard deviations can be calcu-
lated, it is appropriate to report not only the prevalence estimate
but also its standard deviation. For example, for group X the preva-
lence of inadequate intake of nutrient Y was a percent ± b percent,
where a is the estimated percent prevalence of nutrient inadequacy
and b is the standard deviation of the prevalence estimate. When b
is small relative to a, the prevalence has been estimated with a good
degree of accuracy.

An additional consideration when determining the sampling vari-
ability is the effect of the survey design. Dietary intake data are
typically collected in complex surveys, and thus the survey design
must be taken into account when estimating standard deviations.
Additional information on the estimation of standard deviations
under complex survey designs, or in particular, about the estima-
tion of standard deviations for prevalence estimates can be found in
Nusser et al. (1996) and Wolter (1985).

Variability Associated with the EAR

Variability associated with the EAR may increase the uncertainty
around prevalence estimates. Both the probability approach and
the cut-point method use the EAR when estimating prevalence of
inadequacy. However, the EAR is itself an estimate, and thus has its
own uncertainty. Practical statistical approaches have not yet been
developed for combining the two uncertainties—those around intake
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estimates and those around requirement estimates—into a single
value that reflects the uncertainty around the prevalence estimate.

Variability Associated with the Collection of Intake Data

Other characteristics of dietary studies complicate the matter even
further. Dietary intake data suffer from inaccuracies due to under-
reporting of food, incorrect specification of portion sizes, incom-
plete or imprecise food composition tables, etc. These factors may
have a compound effect on prevalence estimates. In addition, sys-
tematic errors in measurement (such as energy underreporting)
may increase the bias of the prevalence estimate. All of these factors
have an effect on how precisely (or imprecisely) the prevalence of
nutrient adequacy in a group can be estimated, and it is difficult to
quantify their effect with confidence.

The software developed at Iowa State University (called SIDE)
(Dodd, 1996) to estimate usual intake distributions also produces
prevalence estimates using the cut-point method and provides an
estimate of the standard deviation associated with the prevalence
estimate. However, it is important to remember that the standard devia-
tions produced by the program are almost certainly an underestimate of the
true standard deviations because they do not consider variability associated
with the EAR or with the collection of intake data.

Why should standard deviations be a concern?

Standard deviations of prevalence estimates are needed to determine, for
example, whether a prevalence estimate differs from zero or any other target
value or to compare two prevalence estimates.

The evaluation of differences in intakes requires the estimation of
standard deviations of quantities such as prevalence of nutrient
inadequacy or excess (e.g., Application 3 in Chapter 7). As another
example, suppose that prevalence of inadequate intake of a nutri-
ent in a group was measured at one point in time as 45 percent. An
intervention is applied to the group and then a new estimate of the
prevalence of inadequate intake of the nutrient is found to be 38
percent, a decrease of 7 percent. However, to accurately assess the
effectiveness of the intervention, the standard deviations around
the 45 and 38 percent prevalence estimates are also needed. If the
standard deviations are small (e.g., 1 percent), then one could con-

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


MINIMIZING POTENTIAL ERRORS 161

clude that the intervention was associated with a statistically signifi-
cant decrease in the prevalence of inadequacy. If the standard devi-
ations are large (e.g., 10 percent), then one could not conclude
that the 7 percent decrease was significant or that the intervention
worked.

Finally, the part of the intake distribution being assessed affects
the error associated with the estimate. Values in the tail of the distri-
bution are harder to estimate (i.e., estimates are less precise) than
values in the center of a distribution (such as means or medians).
Thus, estimating prevalence of inadequacy of a nutrient is expected
to be less precise for nutrients for which prevalence of inadequacy
in the group is very low or very high (e.g., 5 or 95 percent) com-
pared with nutrients for which prevalence of inadequacy is towards
the center of the distribution (e.g., 30 to 70 percent) for the same
sampling design and same estimation method.

SUMMARY

Users of the Dietary Reference Intakes (DRIs) have many oppor-
tunities to minimize errors when assessing group and individual
intakes. This chapter has focused on ways to increase the accuracy
of both the requirement estimates (by considering the specific char-
acteristics of the individual or the population) and the intake esti-
mates (by ensuring that dietary data are complete, portions are
correctly specified, and food composition data are accurate) and
the importance of an appropriate sampling plan for group intakes.

Although users of the DRIs should strive to minimize errors, per-
fection usually is not possible or necessary. Comparing high-quality
intake data with tailored requirement data to assess intakes is a
meaningful undertaking and can, at a minimum, identify nutrients
likely to be either under- or overconsumed by the individual or the
group of interest.
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9
Research Recommended to

Improve the Uses of
Dietary Reference Intakes

This report has attempted to provide the necessary information
to users of the Dietary Reference Intakes (DRIs) for assessing the
intakes of groups and individuals. Readers of the report may notice,
however, that at various points only very general guidelines are pro-
vided. It is clear that much research is still needed in this area. In
this last chapter, therefore, areas are listed in which research results
are either unavailable or inconclusive. By highlighting these topics,
it is hoped that research on these topics will be undertaken. The
topics are not necessarily in order of priority; increased knowledge
in any of the areas listed below would be of benefit to those who
wish to use the DRIs for dietary assessment.

RESEARCH TO IMPROVE ESTIMATES OF
NUTRIENT REQUIREMENTS

Even for nutrients for which an Estimated Average Requirement
(EAR) is available, requirement data on which the EAR is based are
typically very scarce. Estimated EARs and Recommended Dietary
Allowances (RDAs) are often based on just a few experiments or
studies with very small sample sizes, and therefore considerable
uncertainty exists about the true median and standard deviation of
the distribution of requirements within a group. Additional research
is needed in this area to:

• improve existing estimates of the EAR and RDA;
• provide better information on requirements so it becomes pos-
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sible to establish an EAR (and an RDA) for nutrients for which
information is currently insufficient; and

• improve estimates of the distribution of requirements so that
the appropriate method for assessing the prevalence of inadequacy
for groups can be determined (cut-point method vs. probability
approach).

For nutrients currently with an Adequate Intake (AI) (for age
groups older than infants), research that allows replacement of the
AIs with EARs will allow for additional applications. As discussed in
earlier chapters, EARs present more possibilities for assessing indi-
vidual and group prevalence of inadequacy. Whenever the data
permit, EARs rather than AIs should be established.

Although there is need to improve the database of controlled
experimental studies relevant to the EAR, there is even greater need
to broaden the approach to estimating requirements. Congruence
of evidence should be expected from different sources—including
epidemiological and clinical investigations as well as experimental
and factorial approaches—before being confident with an EAR.
What is needed now is action in this direction and both financial
and peer support for such approaches.

Establishment of Tolerable Upper Intake Levels (ULs) provides
an opportunity to evaluate the risk of adverse effects for individuals
and populations, and is an extremely important step forward in
assessing intakes. Research should be undertaken to allow ULs to
be set for all nutrients. In addition, information on the distribution
of the UL (i.e., risk curves) would allow greatly expanded applica-
tions of the UL, particularly for population groups. More informa-
tion is needed on ways to identify and conceptualize the risk of
exceeding the UL.

Research on the factors that can alter requirements or upper
limits is also needed to enable more accurate applications of the
Dietary Reference Intakes (DRIs) to specific individuals and popu-
lations. Adjustment factors for considerations such as body size,
physical activity, and intakes of energy and other nutrients may be
appropriate but are often unknown.

RESEARCH TO IMPROVE THE QUALITY OF
DIETARY INTAKE DATA

Much has been written about ways to improve the quality of the
intake data on which assessments are based; a number of these issues
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were discussed in Chapter 8. Some of these topics are revisited now
and specific areas in which research is still needed are identified.

Perhaps one of the most important advances to improve applica-
tion of human nutrient requirement estimates has been the further
development and refinement of statistical procedures to reduce if
not eliminate the distorting effect of random error in dietary data.
What has become apparent in dealing with the random error is that
the remaining issue of paramount importance in dietary data col-
lection and analysis is the presence and true extent of bias (such as
under- or over-reporting of food intake). The same amount of effort
that went into determining statistical approaches for estimation and
reduction of the effect of random error should be directed toward
the estimation and amelioration of bias. This is a relatively unexplored
field. Methods for directly estimating bias regarding energy intake
have been developed and used to demonstrate that the problem is
serious. Efforts have begun in the management of bias during data
analysis but these are far from satisfactory at present. The handling
of bias is seen as a very high-priority area awaiting new initiatives
and innovative approaches.

Another area of need is behavioral research to determine why
people under-report food intake. Advances in this area would allow
development of improved dietary data collection tools that would
not trigger this behavior. Such information would also help in the
derivation of statistical tools to correct the bias associated with this
phenomenon.

Better ways to quantify the intake of supplements are needed.
Methods for collecting accurate supplement intake data have not
been widely investigated. For the Third National Health and Nutri-
tion Examination Survey, different instruments were used to collect
food intake data and supplement intake data, and the correct meth-
odology for combining these data is uncertain. Furthermore, the
intake distribution from supplements usually cannot be adjusted
because the current data do not permit the estimation of the day-to-
day variability in supplement intake. Despite the difficulties in main-
taining a supplement composition database for the rapidly changing
market, investigation of better methods of quantifying supplement
intakes is a high-priority research area.

Food composition databases need to be updated to include the
forms and units that are specified by Dietary Reference Intakes
(DRIs). Chemical methodology to facilitate analysis of various forms
of certain nutrients (e.g., α- vs. γ-tocopherol) may be required. The
DRI recommendations also imply that databases need to separate
nutrients inherent in foods from those provided by fortification,
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particularly when intakes are compared with the Tolerable Upper
Intake Level (UL) for nutrients such as niacin. For some nutrients,
it may also be necessary to change the units of measurement (e.g.,
dietary folate equivalents [DFEs], as suggested for folate [IOM,
1998b] and the milligrams of α-tocopherol, suggested for vitamin E
in place of α-tocopherol equivalents [IOM, 2000]).

RESEARCH TO IMPROVE STATISTICAL METHODS FOR
USING THE DRIs TO ASSESS INTAKES OF INDIVIDUALS

Chapter 3 and Appendix B present an approach to assess the
adequacy of an individual’s usual intake of nutrients with an Esti-
mated Average Requirement (EAR) or with an Adequate Intake
(AI). The following two serious limitations in the application of the
method were identified:

• Currently there is not sufficient information to permit calcula-
tion of the standard deviation (SD) of daily intake for each individual.
It is well known that the SD of daily intake is typically heteroge-
neous across individuals; however, no research has been conducted
to allow the adjustment of a pooled SD estimate to better reflect an
individual’s daily variability in intakes.

• The approach for testing whether usual intake is greater than
requirements (or greater than the AI or less than the Tolerable
Upper Intake Level [UL]) makes the critical assumption that daily
intakes for an individual are normally distributed. No alternative
methodology exists for the many instances in which this assumption
is untenable. Research is needed to devise methods for quantitatively
assessing individual intakes when the distribution of daily intakes is
not symmetrical around the individual’s usual intake.

RESEARCH TO IMPROVE STATISTICAL METHODS FOR
USING THE DRIs TO ASSESS INTAKES OF GROUPS

The assessment of dietary intake data for groups is challenging
because these analyses (presented earlier in this report) do not lend
themselves to standard statistical methods. Several methodological
issues deserve attention from the scientific community.

Methods for developing standard deviations for prevalence esti-
mates (sometimes referred to as the standard error of the estimate)
should be investigated. As discussed in Chapter 8, estimates of the
prevalence of inadequacy are not precise because of the uncertainty
existing both in requirement estimates and in intake assessments.
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When the standard deviation of the prevalence estimate is not
known, formal inferences cannot be made about the prevalence of
nutrient inadequacy in a group; for example, one cannot deter-
mine whether a prevalence estimate differs from zero, or whether
prevalence estimates in two groups are different. The statistical
approaches included in this report can be used to partially estimate
the standard deviation of a prevalence estimate, but these approaches
account only for the uncertainty in the estimates of usual intakes in
the group.

Uncertainty also exists in requirement estimates. Although the
Estimated Average Requirement (EAR) is a fixed and known quan-
tity, based on data reported in the scientific literature, it is also an
estimate of an unobservable median requirement for a group.
Statistical methods for estimating the standard deviation of the EAR
and the standard deviation of the usual intake distribution are, in
principle, available. More difficult from a statistical point of view is
combining the two sources of uncertainty into an estimate of the
standard deviation for the prevalence of nutrient inadequacy.

Research is needed on ways to better match the biomarkers used
to set requirements with the effect of dietary intake on those same
biomarkers. Research is also needed on the appropriate biochemi-
cal data to collect so that these data can be combined with dietary
intake data in assessment. Biomarker and other biochemical data
are usually too expensive, time-consuming, or both, to collect on
large numbers of individuals. However, when this information is
available, it can be used in combination with intake data to give a
more accurate estimate of the probability of inadequacy. Because
biomarker and intake data are very different proxies for the same
unobservable variable (nutrient status), combining the information
they provide into an estimate of nutritional status for each individual
in a group is a challenging statistical task.

Additional research is also needed for applications that assess the
nutrient intakes of different subgroups of the population. In partic-
ular, evaluations of nutrition assistance programs typically compare
nutrient intakes for program participants and a similar group of
nonparticipants. A difficult and not fully explored research ques-
tion is how to estimate differences in the prevalence of inadequacy
between subgroups, after controlling for other factors that also affect
nutrient intake. Chapter 7 describes a possible approach to address-
ing this question based on multiple regression analysis, but research
is needed to apply this approach to existing survey data sets such as
the Continuing Survey of Food Intakes by Individuals and the National
Health and Nutrition Examination Surveys.
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Ways to assess the performance of methods used to estimate the
prevalence of inadequacy should be investigated. Both the proba-
bility approach and the cut-point method assume that intakes and
requirements are not correlated or exhibit only low correlation. In
addition, the cut-point method requires that the distribution of
requirements in the population is approximately symmetrical and
that the variability of intakes is larger than the variability of require-
ments. The results presented in Appendix D (that assess the perfor-
mance of the EAR cut-point method for estimating the prevalence
of inadequate intakes) are from simulation studies that should be
considered preliminary. A detailed investigation of the effect of vio-
lating these assumptions was beyond the scope of this report, but is
a high research priority. This investigation would best be done using
well-designed, well-planned, and well-implemented simulation studies.
This type of study would permit recommendations to be made regard-
ing the best approach for assessing each nutrient and would pro-
vide an estimate of the expected bias in prevalence estimates when
the conditions for application of the cut-point method are not ideal.

Many of the statistical approaches suggested in this report for
adjusting intake distributions and estimating the prevalence of
inadequacy for groups can only be implemented with the aid of
computer software. Although initial efforts have been made to
develop these types of programs, a wider variety of software that can
assist users of the Dietary Reference Intakes (DRIs) in correctly
applying the methods recommended in this report is needed. There
is also a need to upgrade the software used in dietary assessment to
incorporate the appropriate statistical methodology described in
this report.
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A
Origin and Framework of

the Development of
Dietary Reference Intakes

This report is one of a series of publications resulting from the
comprehensive effort being undertaken by the Food and Nutrition
Board’s Standing Committee on the Scientific Evaluation of Dietary
Reference Intakes and its panels and subcommittees.

ORIGIN

This initiative began in June 1993, when the Food and Nutrition
Board (FNB) organized a symposium and public hearing entitled
“Should the Recommended Dietary Allowances Be Revised?” Shortly
thereafter, to continue its collaboration with the larger nutrition
community on the future of the Recommended Dietary Allowances
(RDAs), the FNB took two major steps: (1) it prepared, published,
and disseminated the concept paper “How Should the Recommended
Dietary Allowances Be Revised?” (IOM, 1994), which invited com-
ments regarding the proposed concept, and (2) it held several sym-
posia at nutrition-focused professional meetings to discuss the FNB’s
tentative plans and to receive responses to this initial concept paper.
Many aspects of the conceptual framework of the Dietary Reference
Intakes (DRIs) came from the United Kingdom’s report Dietary
Reference Values for Food Energy and Nutrients for the United Kingdom
(COMA, 1991).

The five general conclusions presented in the FNB’s 1994 concept
paper are as follows:

1. Sufficient new information has accumulated to support a
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reassessment of the RDAs.
2. Where sufficient data for efficacy and safety exist, reduction in

the risk of chronic degenerative disease is a concept that should be
included in the formulation of future recommendations.

3. Upper levels of intake should be established where data exist
regarding risk of adverse effects.

4. Components of food of possible benefit to health, although not
meeting the traditional concept of a nutrient, should be reviewed,
and if adequate data exist, reference intakes should be established.

5. Serious consideration must be given to developing a new format
for presenting future recommendations.

Subsequent to the symposium and the release of the concept
paper, the FNB held workshops at which invited experts discussed
many issues related to the development of nutrient-based reference
values, and FNB members have continued to provide updates and
engage in discussions at professional meetings. In addition, the FNB
gave attention to the international uses of the earlier RDAs and the
expectation that the scientific review of nutrient requirements
should be similar for comparable populations.

Concurrently, Health Canada and Canadian scientists were review-
ing the need for revision of the Recommended Nutrient Intakes (RNIs)
(Health and Welfare Canada, 1990). A consensus was reached fol-
lowing a symposium for Canadian scientists cosponsored by the
Canadian National Institute of Nutrition and Health Canada in
April 1995. This consensus was that the Canadian government
should pursue the extent to which involvement with the developing
FNB process would be of benefit to both Canada and the United
States in terms of leading toward harmonization.

On the basis of extensive input and deliberations, the FNB initiated
action to provide a framework for the development and possible
international harmonization of nutrient-based recommendations
that would serve, where warranted, for all of North America. To this
end, in December 1995, the FNB began a close collaboration with
the government of Canada and took action to establish the Stand-
ing Committee on the Scientific Evaluation of Dietary Reference
Intakes.

THE CHARGE TO THE COMMITTEE

In 1995 the Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes (DRI Committee) was appointed to over-
see and conduct this project. To accomplish this task, the DRI Com-
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mittee devised a plan involving the work of expert nutrient group
panels and two overarching subcommittees (Figure A-1).

The Subcommittee on Interpretation and Uses of Dietary Refer-
ence Intakes (Uses Subcommittee) is composed of experts in nutri-
tion, dietetics, statistics, nutritional epidemiology, public health,
economics, and consumer perspectives. The Uses Subcommittee is
charged to review the scientific literature regarding the uses of
dietary reference standards and their applications and (1) provide
guidance for the appropriate application of DRIs for specific pur-
poses and identify inappropriate applications, (2) provide guidance
for adjustments to be made for potential errors in dietary intake
data and the assumptions regarding intake and requirement distri-
butions, and (3) provide specific guidance for use of DRI values of
individual nutrients.

The Uses Subcommittee was charged with examining the appro-
priate use of each of the DRI values in assessing nutrient intakes of
groups and of individuals for this report; a future report will present
information on the appropriate use of specific DRI values in the
planning of diets for groups and for individuals. Each report will
present the statistical underpinnings for the various uses of the DRI
values and also will indicate when specific uses are inappropriate.
This report reflects the work of the DRI Committee, the Uses Sub-
committee, and the Subcommittee on Upper Reference Levels of
Nutrients, all under the oversight of the Food and Nutrition Board.

PARAMETERS FOR DIETARY REFERENCE INTAKES

Life Stage Groups

Nutrient intake recommendations are expressed for 16 life stage
groups, as listed in Table A-1 and described in more detail in the
first Dietary Reference Intake (DRI) nutrient report (IOM, 1997).
If data are too sparse to distinguish differences in requirements by
life stage and gender group, the analysis may be presented for a
larger grouping. Differences will be indicated by gender when war-
ranted by the data.

Reference Heights and Weights

The reference heights and weights selected for adults and children
are shown in Table A-2. The values are based on anthropometric data
collected from 1988 through 1994 as part of the Third National Health
and Nutrition Examination Survey (NHANES III) in the United States.
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TABLE A-1 The 16 Life Stage Groups for Which Nutrient
Recommendations Are Expresseda

Life Stage Groups

Infants Females
0–6 mo 9–13 y
7–12 mo 14–18 y

19–30 y
Children 31–50 y

1–3 y 51–70 y
4–8 y  > 70 y

Males Pregnancy
9–13 y  ≤18 y

14–18 y 19–30 y
19–30 y 31–50 y
31–50 y
51–70 y Lactation

 > 70 y  ≤ 18 y
19–30 y
31–50 y

a Differences will be indicated by gender when warranted by the data.

TABLE A-2 Reference Heights and Weights for Children and
Adults in the United Statesa

Median Reference Reference
Body Mass Height Weightb

Gender Age Index cm (in) kg (lb)

Male, female 2–6 mo – 64 (25) 7 (16)
7–11 mo – 72 (28) 9 (20)
1–3 y – 91 (36) 13 (29)
4–8 y 15.8 118 (46) 22 (48)

Male 9–13 y 18.5 147 (58) 40 (88)
14–18 y 21.3 174 (68) 64 (142)
19–30 y 24.4 176 (69) 76 (166)

Female 9–13 y 18.3 148 (58) 40 (88)
14–18 y 21.3 163 (64) 57 (125)
19–30 y 22.8 163 (64) 61 (133)

aAdapted from the Third National Health and Nutrition Examination Survey, 1988–
1994. Body mass index expressed as kg/m2.
b Calculated from body mass index and height for ages 4 through 8 y and older.
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The reference weights chosen for this report were based on
NHANES III data because these are the most recent data available
for either the United States or Canada. The most recent nationally
representative data available for Canadians are from the l970–1972
Nutrition Canada Survey (Demirjian, 1980).

Reference weights are used primarily when setting the Estimated
Average Requirement (EAR), Adequate Intake (AI), or Tolerable
Upper Intake Level (UL) for children or when relating the nutrient
needs of adults to body weight. For the 4- through 8-year-old age
group, it can be assumed that a small 4-year-old child will require
less than a large 8-year-old.  However, the RDA or AI for the
4- through 8-year-old age group should meet the needs of both.
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B
Nutrient Assessment

of Individuals:
Statistical Foundations

Chapter 3 provides an approach that can be used to answer the
following question for nutrients with an Estimated Average Require-
ment (EAR), Can an individual’s intake, observed for a small num-
ber of days, be used to determine if that individual’s usual intake of
a nutrient is adequate? Similarly, guidance on how to determine,
for a given confidence level, whether an individual’s usual intake
exceeds the Adequate Intake (AI) or the Tolerable Upper Intake
Level (UL) is also presented in Chapter 3. The statistical under-
pinnings and the implementation of the approaches provided are
described in this appendix.

To begin, two important terms must be defined:

• The observed intake of a nutrient by an individual on a given day
is denoted by Yj, where j denotes the day on which the intake Y was
recorded. In this appendix, j = 1,…,n, is used to indicate that the
number of daily intake observations for an individual can be any
number (some arbitrary value n). In practice, n is typically less than
seven, and is often no more than two or three. The observed mean
intake for the individual over the n days is denoted by y , and is
computed as:

y  = (Y1 + Y2 + …+Yn)/n.

• The usual intake of a nutrient by an individual is an unobserv-
able long-run average intake of the nutrient denoted as y. Conceptu-
ally, the usual intake y could be computed as above if the number of
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intake days (n) available for the individual was very large. In practice
an individual’s usual intake is seldom known; instead, the individual’s
observed mean intake y  is used as an estimate of the individual’s
usual intake y.

When assessing an individual’s dietary intake, usual intake and
not observed intake should be compared with the requirement to
determine whether the intake is adequate (or whether it exceeds
the UL).

Assessing the adequacy of an individual’s intake of a nutrient by
using only dietary information is difficult because neither the usual
intake nor the actual requirement of the individual is known. The
approach detailed here for assessing the adequacy of an individual’s
intake requires four types of information: the median requirement
of the nutrient for the individual’s life stage and gender group (the
EAR), the variability in the requirement for the individual’s life
stage and gender group, the mean observed intake for the individual,
and the day-to-day variability in intake of the nutrient for the indi-
vidual. By combining this information appropriately, a method for
estimating the adequacy of an individual’s usual intake of a nutrient
can be derived. A similar approach may be used to compare
observed intake to an AI or UL, and will be discussed later in this
appendix.

USING THE EAR TO ASSESS ADEQUACY OF AN
INDIVIDUAL’S OBSERVED INTAKE

Following are the assumptions for the statistical approach to
evaluating the adequacy of an individual’s observed intake:

1. The Estimated Average Requirement (EAR) is the best estimate
of the individual’s unobservable true requirement, denoted by ρ. The
estimate for the individual’s requirement is denoted by r, and r is
set to be equal to the EAR of the appropriate life stage and gender
group. The standard deviation of requirements in the population,
denoted by SDr, is proportional to the uncertainty about how pre-
cisely r estimates ρ. If every individual had the exact same require-
ment for the nutrient, then r (which is set to be equal to the EAR)
would be a precise estimate of each individual’s requirement.
Because individuals vary in their requirement for a nutrient, it is
important to consider the extent of the variability in the group; the
SDr is an indicator of how variable requirements are in the group.
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2. The mean of n days of intake of the nutrient by the individual,
y , is the best estimate for y, the individual’s usual intake. The day-
to-day variation in intake for a given individual, also referred to as
the within-person standard deviation of daily intakes, SDwithin, is pro-
portional to the uncertainty about the accuracy of y  as an estimate
of y. The mean ( y ) will be a reliable estimate of the usual intake y
when the number of intake days n from which the mean was com-
puted is large or when the SDwithin is low. If an individual eats the
same diet day after day, then the day-to-day variability in intakes for
that individual would be very low, and one or two days of intake
information might be sufficient to precisely estimate that individu-
al’s usual intake of the nutrient. Conversely, a large number n of
dietary intake observations is needed to estimate the usual intake of
a nutrient for an individual whose diet is variable from one day to
the next.

It is implicitly assumed that food intake can be measured accu-
rately in terms of quantity of food and food composition.  There-
fore, results from individual assessments should be interpreted with
caution and where possible, should be combined with other inter-
pretive data.

Thus the following statements can be made:

If y > ρ, then the individual’s usual intake of the nutrient is
adequate.

If y < ρ, then the individual’s usual intake of the nutrient is
inadequate.

Because neither y nor ρ is observed, y  and r must be used instead.
Inferences about the adequacy of the individual’s diet can be made
by looking at the observed difference (D), where

D = y  – r.

Intuitively, if D is large and positive, it is likely that the true differ-
ence y – ρ is also large and that the individual’s diet is adequate.
Conversely, if D is a large negative number, then it is likely that ρ is
larger than y and that the individual’s intake is not adequate. The
obvious question to be posed is, How large would D have to be
before it can be concluded, with some degree of assurance, that the
unobservable usual intake is larger than the unobservable require-
ment?
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To interpret this difference between observed mean intake ( y )
and the median requirement (EAR, the best estimate [r] of the
unobservable ρ), one needs a measure of the variability of D. The
standard deviation of requirements (SDr) and the standard devia-
tion of intakes (SDwithin or SDi) can be used to estimate the SD of D,
the difference between observed mean intake and r for the individ-
ual, as

SD V V nD r within= + ( )/ .

Vr denotes the variance of the distribution of requirements in the
group and Vwithin denotes the variance in day-to-day intakes of the
nutrient. Both variances are computed as the square of the corre-
sponding standard deviations. As the number (n) of days of intake
available on the individual increases, the variance of the observed
mean intake should decrease (i.e., the accuracy of the estimate for y
increases). This is why Vwithin is divided by n when computing the
standard deviation of the difference D.

The SDD increases as the

• SDr increases,
• SDi increases, or
• number of intake days (n) available for the individual decreases.

That is, the more uncertainty that exists about the accuracy of the
value D, the larger D will need to be before it can be confidently
stated that the individual’s usual intake is adequate. The following
extreme cases illustrate this approach:

1.If the intake of an individual could be observed for a very large
(infinite) number of days, then the second term (Vwithin/n) in the
expression for SDD would tend to zero. The uncertainty about the
adequacy of the individual’s intake would result primarily from not
knowing where in the distribution of requirements that individual’s
unobservable requirement ρ is located. The degree of uncertainty
about adequacy would then be proportional to the variability of
requirements in the group.

2. If the individual were to consume the same diet day after day,
then the second term (Vwithin/n) would again be very small, even
with small n, because the variability in intakes from day to day would
be very small for that individual. Again, the uncertainty about the

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX B 189

adequacy of the individual’s intake would reflect the uncertainty
about that individual’s requirement for the nutrient.

3. Hypothetically, if an individual’s requirement could be observed,
then the first term in the expression for SDD would be zero, and the
uncertainty would reflect only the fact that the individual’s usual
intake for the nutrient cannot be observed.

The three situations above are extreme and typically do not oc-
cur. A more common situation is when there is some information
about the individual’s daily intake (allowing for an estimate of y )
and some idea of the distribution of requirements in the group. For
example, the median requirement (EAR) and the coefficient of
variation (CV) of requirements might be known, allowing the SDr to
be derived.

Suppose that a level of confidence of at least 85 percent is desired
before concluding that an individual’s usual intake is adequate. To
find out how large the ratio D/SDD would need to be to reach this
conclusion, compare the D/SDD to the z-values listed in a standard
z-table (e.g., a value of 0.85 in the table corresponds to a z-value of 1).
Thus, if the ratio D/SDD is approximately equal to 1, it can be con-
cluded with an 85 percent level of confidence that the individual’s
usual intake is larger than the requirement. Selected z-values, corre-
sponding to different levels of assurance, are given in Table B-1.
The criterion for using the ratio D/SDD and the qualitative conclu-
sions from the quantitative analysis can be summarized as follows:

• If D/SDD is greater than 1, then there is reasonable certainty
that the individual’s usual intake is adequate. In other words, it is
reasonably certain that the unobservable true difference between
the individual’s usual intake and requirement (y – ρ) is positive and
thus the individual’s usual intake exceeds requirement.

• If D/SDD is less than –1, then it is reasonably certain that the
individual’s usual intake is inadequate. In other words, the true
difference between the individual’s usual intake and requirement
(y – ρ) is negative and thus the individual’s usual intake is less than
the requirement.

• If D/SDD is anywhere between –1 and 1, it cannot be determined
with certainty whether the individual’s intake is adequate or inade-
quate.

The criterion above is derived by using principles from hypothesis
testing and construction of confidence intervals under normality
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TABLE B-1 Values for the Ratio D/SDD and Corresponding
Probability of Correctly Concluding that Usual Intake Is
Adequate or Inadequate

Probability of
Criterion Conclusion Correct Conclusion

D/SDD > 2.00 Usual intake is adequate 0.98
D/SDD > 1.65 Usual intake is adequate 0.95
D/SDD > 1.50 Usual intake is adequate 0.93
D/SDD > 1.00 Usual intake is adequate 0.85
D/SDD > 0.50 Usual intake is adequate 0.70
D/SDD > 0.00 Usual intake is adequate (inadequate) 0.50
D/SDD < –0.50 Usual intake is inadequate 0.70
D/SDD < –1.00 Usual intake is inadequate 0.85
D/SDD < –1.50 Usual intake is inadequate 0.93
D/SDD < –1.65 Usual intake is inadequate 0.95
D/SDD < –2.00 Usual intake is inadequate 0.98

SOURCE: Adapted from Snedecor and Cochran (1980).

and is only approximate. The assumptions that are implicit in the
criterion include:

1.The distribution of daily intakes Y around the mean intake y  is
approximately normal, or at least symmetrical, for the individual.
Any nutrient with a skewed distribution of daily intakes would not
satisfy this assumption, such as those nutrients in Tables B-2 through
B-5 with a CV larger than about 60 to 70 percent.

2.The distribution of requirements in the group is approximately
normal.

3. The daily intake Y accurately reflects the individual’s true in-
take of the nutrient for the day.

4. A reliable estimate of the day-to-day variability in intake for the
individual is available.

5.Intakes are independent of requirements.

In probabilistic terms, the value of 1 for the ratio D/SDD corre-
sponds to an approximate 0.15 p-value for the test of the hypothesis
that y > ρ. That is, when it is concluded that intake is adequate,
there is approximately an 85 percent chance of reaching the cor-
rect conclusion and approximately a 15 percent chance of making a
mistake (erroneously concluding that intake is adequate). Because
the criterion is formulated on this probabilistic basis, the level of
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certainty can be adjusted by either increasing or decreasing the
value of the cutoff for D/SDD (e.g., if 0.5 or –0.5 was used, then the
level of certainty would decrease to about 70 percent). Table B-1
indicates the probability, or level of certainty, of correctly conclud-
ing that the usual intake is adequate (or inadequate) when D/SDD
ranges from 2.00 to –2.00.

TABLE B-2 Estimates of Within-Subject Variation in Intake,
Expressed as Standard Deviation (SD)a and Coefficient of
Variation (CV) for Vitamins and Minerals in Adults Aged 19
and Over

Nutrientb Adults Ages 19–50 y Adults, Ages 51 y and Over

Females Males Females Males
(n = 2,480)c (n = 2,538) (n = 2,162) (n = 2,280)

CV CV CV CV
SD (%) SD (%) SD (%) SD (%)

Vitamin A (µg) 1,300 152 1,160 115 1,255 129 1,619 133
Carotene (RE) 799 175 875 177 796 147 919 153
Vitamin E (mg) 5 76 7 176 6 65 9 60
Vitamin C (mg) 73 87 93 92 61 69 72 71
Thiamin (mg) 0.6 47 0.9 46 0.5 41 0.7 40
Riboflavin (mg) 0.6 50 1.0 44 0.6 42 0.8 40
Niacin (mg) 9 47 12 44 7 42 9 39
Vitamin B6 (mg) 0.8 53 1.0 48 0.6 44 0.8 42
Folate (µg)d 131 62 180 61 12 52 150 53
Vitamin B12 (µg) 12 294 13 212 10 237 14 226
Calcium (mg) 325 51 492 54 256 44 339 44
Phosphorous (mg) 395 39 573 38 313 33 408 32
Magnesium (mg) 86 38 122 38 74 33 94 32
Iron (mg) 7 53 9 51 5 44 7 44
Zinc (mg) 6 61 9 63 5 58 8 66
Copper (mg) 0.6 53 0.7 48 0.5 53 0.7 56
Sodium (mg) 1,839 44 1,819 43 1,016 41 1,323 38
Potassium (mg) 851 38 1,147 36 723 31 922 31

NOTE: When the CV is larger than 60 to 70 percent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.
aSquare root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications).
b Nutrient intakes are for food only, data does not include intake from supplements.
c Sample size was inadequate to provide separate estimates for pregnant or lactating
women.
d Folate reported in µg rather than as the new dietary folate equivalents (DFE).
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994–1996.
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Note that D/SDD depends on the size of the difference between
observed mean intake and the EAR and the standard deviation of
that difference. For very large differences between observed mean
intake and the EAR, it is likely that the ratio will exceed 1 and usual
intake exceeds requirement. For smaller differences, the ability to
critically interpret individual dietary intake data depends on the
standard deviation of the difference between the observed intake

TABLE B-3 Estimates of Within-Subject Variation in Intake,
Expressed as Standard Deviation (SD)a and Coefficient of
Variation (CV) for Vitamins and Minerals in Adolescents and
Children

Nutrient b Adolescents, Ages 9–18 y Children, Ages 4–8 y

Females Males Females Males
(n = 1,002) (n = 998) (n = 817) (n = 883)

CV CV CV CV
SD (%) SD (%) SD (%) SD (%)

Vitamin A (µg) 852 109 898 91 808 103 723 86
Carotene (RE) 549 180 681 197 452 167 454 166
Vitamin E (mg) 4 67 5 62 3 54 3 57
Vitamin C (mg) 81 90 93 89 61 69 74 76
Thiamin (mg) 0.6 43 0.8 42 0.5 35 0.5 37
Riboflavin (mg) 0.7 42 1.0 41 0.6 35 0.7 35
Niacin (mg) 8 46 11 43 6 36 7 38
Vitamin B6 (µg) 0.7 49 1.0 49 0.6 42 0.7 43
Folate (µg) c 128 58 176 60 99 48 117 50
Vitamin B12 (µg) 5.5 142 5.0 93 9.6 254 4.7 118
Calcium (mg) 374 48 505 48 313 40 353 41
Phosphorous (mg) 410 38 542 37 321 32 352 32
Magnesium (mg) 86 41 109 39 61 31 71 33
Iron (mg) 6 47 9 50 5 45 6 43
Zinc (mg) 5 50 8 58 3 41 4 42
Copper (mg) 0.5 52 0.6 48 0.4 47 0.4 41
Sodium (mg) 1,313 45 1,630 42 930 38 957 35
Potassium (mg) 866 41 1,130 41 631 32 750 35

NOTE: When the CV is larger than 60 to 70 percent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.
aSquare root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications).
b Nutrient intakes are for food only, data does not include intake from supplements.
c Folate reported in µg rather than as the new dietary folate equivalents (DFE).
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994–1996.
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and the EAR. This standard deviation depends, among other factors,
on the number of days of intake data that are available for the
individual. The fewer days of intake data available for the individual,
the larger the standard deviation of the difference (resulting in a
smaller ratio D/SDD) and the lower the likelihood of being able to
assess adequacy or inadequacy.

Implementation of the Individual Assessment Approach

To implement the approach described above, the following infor-
mation is needed:

TABLE B-4 Estimates of Within-Subject Variation in Intake,
Expressed as Standard Deviation (SD)a and Coefficient of
Variation (CV) for Macronutrients and Cholesterol in Adults
Aged 19 and Over

Nutrientb Adults, Ages 19–50 y Adults, Ages 51 y and Over

Females Males Females Males
(n = 2,480)c (n = 2,583) (n = 2,162) (n = 2,280)

CV CV CV CV
SD (%) SD (%) SD (%) SD (%)

Energy (kcal) 576 34 854 34 448 31 590 29
Fat (total, g) 29.9 48 42.7 44 24.0 45 31.8 42
Fat (saturated, g) 10.9 52 15.9 49 8.6 50 11.4 45
Fat (mono-

unsaturated, g) 12.0 50 17.4 46 9.7 48 13.0 44
Fat (poly-

unsaturated, g) 8.4 64 11.3 59 7.0 61 8.8 57
Carbohydrate (g) 75.2 35 109 35 59.9 32 79.5 32
Protein (g) 26.6 42 40.4 41 22.1 37 28.6 35
Fiber (g) 6.5 49 9.2 51 5.9 43 7.7 43
Cholesterol (mg) 168 77 227 66 144 70 201 66

NOTE: When the CV is larger than 60 to 70 percent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.
aSquare root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications).
b Nutrient intakes are for food only, data does not include intake from supplements.
c Sample size was inadequate to provide separate estimates for pregnant or lactating
women.
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994–1996.
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• y , the mean of n days of intake for the individual;
• SDwithin, the day-to-day standard deviation of the individual’s

intake for the nutrient;
• EAR, the median nutrient requirement; and
• SDr, the standard deviation of requirements in the group.

For nutrients that do not have an EAR, this approach cannot be
used. (Guidance on how to assess an individual’s usual intake by
comparing it to the Adequate Intake [AI] is provided later in this
appendix.) When an EAR for the nutrient is provided in a DRI
report, the standard deviation of requirements is also available in
the form of a coefficient of variation of requirement or percentage
of the EAR. In most cases, it is assumed to be 10 percent.

The day-to-day standard deviation in intakes is harder to deter-

TABLE B-5 Estimates of Within-Subject Variation in Intake,
Expressed as Standard Deviation (SD)a and Coefficient of
Variation (CV) for Macronutrients and Cholesterol in
Adolescents and Children

Nutrient b Adolescents Ages 9–18 y Children Ages 4–8 y

Females Males Females Males
(n = 1,002) (n = 998) (n = 817) (n = 833)

CV CV CV CV
SD (%) SD (%) SD (%) SD (%)

Energy (kcal) 628 34 800 33 427 27 478 27
Fat (total, g) 29.8 45 38.2 42 21.3 37 23.9 37
Fat (saturated, g) 11.3 48 15.3 48 8.5 40 9.6 40
Fat (mono-

unsaturated, g) 12.4 48 15.5 44 8.6 39 9.9 41
Fat (poly-

unsaturated, g) 7.3 60 8.7 55 5.1 52 5.5 52
Carbohydrate (g) 88.1 35 113 35 61.7 29 70.8 30
Protein (g) 26.2 42 33.9 39 19.2 34 20.4 33
Fiber (g) 6.2 51 8.7 56 4.6 43 5.3 45
Cholesterol (mg) 145 72 199 71 129 70 137 66

NOTE: When the CV is larger than 60 to 70 percent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.
aSquare root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications).
b Nutrient intakes are for food only, data does not include intake from supplements.
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994–1996.
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mine because data that permit the calculation are scarce. Using
data collected in the Beltsville One Year Dietary Survey (Mertz and
Kelsay, 1984), Tarasuk and Beaton (1992) investigated intake pat-
terns for several nutrients and produced estimates of, among other
parameters, the day-to-day variance in intakes for those nutrients.
Other estimates have been developed from research databases and
from large survey data sets with replicate observations (e.g., the
Continuing Survey of Food Intakes by Individuals [CSFII]). Tables
B-2 through B-5 present pooled estimates of the day-to-day variance
in intakes based on an analysis of the 1994–1996 CSFII data. Since a
reliable estimate of the day-to-day variability in intakes for a specific
individual is not typically available, the pooled estimates in Tables
B-2 through B-5 should be used.  This introduces other uncertainties,
however.

Limitations of Using the EAR for Individual Assessment

The method described to compare an individual’s observed intake
to the EAR for the purpose of drawing conclusions about the usual
intake of the individual cannot be implemented in all cases. Even
when the appropriate calculations are carried out, incorrect conclu-
sions may result if estimates of the SD of daily intake and the SD of
requirements are incorrect. These two situations are discussed below.

The SD of Intake for the Individual Is Not Equal to the Pooled
Estimate Obtained from CSFII or from the National Health and
Nutrition Examination Survey

The value of the ratio D/SDD critically depends on the SD of daily
intake for the individual. It is recommended that the estimate obtained
from CSFII (see Tables B-2 through B-5) be used for all individuals,
even though it has been argued that the day-to-day variability in intakes
is typically heterogeneous across individuals. Several researchers,
including Tarasuk and Beaton (1992), have argued that day-to-day
variability in intakes varies across individuals (see also Nusser et al.,
1996); therefore a pooled variance estimate as suggested here might
not be the optimal strategy. In theory, if many days of intake data Yj
were available for an individual, the within-individual variance in
intakes could be computed in the standard manner:

V Y y nwithin jj
= −( ) −( )∑

2
1/
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where Yj denotes the intake for the individual observed on the jth
day and y  is the mean of the n days of observed intakes. The within-
individual standard deviation SDwithin is computed as the square root
of Vwithin. Unless a large number of nonconsecutive days (e.g., more
than 10 or 12 days) of intake records are available for the individual,
it is recommended that the pooled estimate from Tables B-2
through B-5 be used instead. Whereas this pooled estimate is likely
to be incorrect for the individual, at this time there is no better
alternative. More research is needed in this area that will permit
estimating an adjustment of the pooled variance estimate to suit a
particular individual.

The Day-To-Day Distribution of Intakes Is Not Normal

The assumption of normality (or near normality) of the observed
intakes Yj is critical, as the proposed approach relies on normality of
the difference D. Normality of D will not be satisfied whenever the
observed intakes Yj (and consequently, the observed intake mean)
are not normally distributed.

How does one decide whether the distribution of observed intakes
for an individual is approximately normal? Typically there are not
enough days of intake data available for an individual to be able to
conduct a test of normality of the observed intakes. Therefore, one
must rely on the CV of daily intakes that are presented in Tables B-2
through B-5.

As a rule, any nutrient with a CV above 60 to 70 percent should be
considered to have a nonnormal distribution for the following rea-
son: if daily intakes for an individual are normally distributed, then
subtracting 2 SD of intake from the individual’s mean should still
result in a positive value, as intakes are restricted to being positive.
Suppose that the CV of intake was 60 percent, then the SD of intake
is 0.6 × mean intake. If 2 SDs of intake are now subtracted from the
individual’s mean intake a negative value is obtained, indicating
that the distribution of observed intakes around the individual’s
usual intake is not normal.

Mean intake – 2 SD intake = mean intake – 2 × 0.6 × mean intake
= mean intake – 1.2 mean intake
= –0.2 × mean intake.

The value in the last equation is negative, suggesting that the normal
model is not reasonable when the CV of intake is above 60 to 70
percent.
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Data presented in Tables B-2 through B-5 indicate that it is not
possible to use this approach to assess the adequacy of vitamin A,
vitamin C, vitamin E, and some other nutrients. In these cases, the
distribution of daily intakes cannot be assumed to be normal, and
thus observed daily intake cannot be used to carry out the assess-
ment.

Because the distributions of daily intake for many nutrients are
nonnormal, more research is needed in order to extend this meth-
odology to all nutrients of interest.

Requirement Distribution Is Not Normal

The proposed approach relies also on normality of the require-
ment distribution. When requirements are not distributed in a sym-
metrical, approximately normal fashion around the EAR, results
may be biased. For example, the confidence with which it can be
concluded that intake is adequate may be less than 85 percent even
though the observed ratio D/SDD is equal to 1.

Iron is an example of a nutrient for which the distribution of
requirements is not normal. Iron requirements in menstruating
women are skewed, with a long tail to the right. In this situation, the
method described above does not produce reliable results. No alterna-
tive can be offered at this time; more research is needed in this area.

Incorrect Specification of the SD of Requirement

Until now, little if any attention has been paid to reliably
estimating the variance of nutrient requirement distributions. DRI
reports (IOM, 1997, 1998b, 2000) have assumed that the CV of
requirements for most nutrients is 10 percent of the EAR, unless
other information is known (e.g., niacin is given as 15 percent).
Given an EAR and a CV of requirement, an SD of requirement can
be calculated as SDr = CV × EAR. For example, if the EAR of a
nutrient is 120 units/day and the CV of requirement is 10 percent,
then the SD of requirement will be 0.1 × 120 = 12 units/day.

It is not clear that the fixed 10 percent (or 15 percent) CV esti-
mates across nutrients result in reliable estimators of the SD of
requirement. Since the SD of requirement is an important component
of the SD of D, an inaccurate value of SDr will result in an inaccurate
value of SDD and hence an inaccurate value of the ratio D/SDD.

At this time, no better alternatives than using the CV of the
requirement as given in the DRI reports have been identified, and
thus the results of such analyses should be interpreted with caution.
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INDIVIDUAL ASSESSMENT FOR NUTRIENTS WITH AN AI

Before discussing a statistical approach to individual assessment
for nutrients with an Adequate Intake (AI) instead of an Estimated
Average Requirement (EAR), it is critical to emphasize the differ-
ence between these two Dietary Reference Intakes (DRIs). The EAR
represents the median nutrient requirement of a given life stage
and gender group, and by definition, an intake at the level of the
EAR will be inadequate for half the group. In contrast, the AI repre-
sents an intake that is likely to exceed the actual requirements of
almost all healthy individuals in a life stage and gender group. In
this respect it is analogous to the Recommended Dietary Allowance
(RDA); however, because of the imprecise nature of the data used
to establish AIs, it may often be higher than an RDA would be if
appropriate data were available to calculate one.

The approach discussed previously to assess nutrient adequacy
compares an individual’s intake to the EAR, and considers variability
in both intake and requirement when determining how confident
one can be in concluding that intake is adequate. In other words,
intakes are compared to median requirements. In the case of the AI,
however, intakes are compared to an intake value already in excess of
the median requirement, perhaps by a very large margin. Thus,
when intakes are compared to the AI, all one can truly conclude is
whether intake is above the AI or not. Although an intake that is
statistically above the AI is certainly adequate, intakes below the AI
are also likely to be adequate for a considerable proportion of indi-
viduals. Thus, great caution must be exercised when interpreting
intakes relative to AIs.

How can individual assessment be carried out when the nutrient
of interest does not have an EAR? Using calcium as an example,
one is limited to comparing the individual’s usual intake to the AI.
The conclusions that can be drawn from such a comparison are
rather narrow: if the usual intake is determined with desired accura-
cy to be larger than the AI, then the individual’s usual intake of the
nutrient is likely to be adequate. The converse, however, is not true.
At the desired level of confidence, nothing can be concluded from
the analysis if it is found that the individual’s usual intake is not
larger than the AI.

A simple z-test to decide whether an individual’s unobservable
usual intake is larger than the AI can be used. The test assumes that
daily intakes for an individual have a distribution that is approxi-
mately normal around the individual’s usual intake. The SD of daily
intake is necessary to carry out the test. Because large numbers of
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daily intakes for an individual are typically not available to reliably
estimate the day-to-day variability, the pooled day-to-day SD of intake
from CSFII (see Tables B-2 through B-5) or from NHANES is used.

The z-statistic is constructed as follows:

z = n  × (observed mean intake – AI)/SD of daily intake.

By rearrangement, this can also be expressed as:

z = (observed mean intake – AI)/(SD of daily intake/ n ).

The z-statistic is then compared to tabulated values (a selection of
which are presented in Table B-6), to decide whether the desired
level of accuracy is achieved when stating that the usual intake is
larger than the AI.

For example, consider a nutrient such as calcium with an AI of
1,000 mg /day, and suppose that the SD of daily intake from CSFII
for the appropriate life stage and gender group is 325 mg/day.

TABLE B-6 Selected Values of z and the Associated Level of
Confidence When Concluding That Individual Usual Intake Is
Larger Than the Adequate Intake (AI) or Less Than the
Tolerable Upper Intake Level (UL)

Probability of
Criterion Conclusion Correct Conclusion

z > 2.00 Usual intake is adequate (excessive) 0.98
z > 1.65 Usual intake is adequate (excessive) 0.95
z > 1.50 Usual intake is adequate (excessive) 0.93
z > 1.25 Usual intake is adequate (excessive) 0.90
z > 1.00 Usual intake is adequate (excessive) 0.85
z > 0.85 Usual intake is adequate (excessive) 0.80
z > 0.68 Usual intake is adequate (excessive) 0.75
z > 0.50 Usual intake is adequate (excessive) 0.70
z > 0.00 Usual intake is adequate (excessive/safe) 0.50
z > –0.50 Usual intake is adequate (excessive) 0.30 (0.70 probability

usual intake is safe)
z > –0.85 Usual intake is adequate (excessive) 0.20 (0.80 probability

usual intake is safe)
z > –1.00 Usual intake is adequate (excessive) 0.15 (0.85 probability

usual intake is safe)

SOURCE: Adapted from Snedecor and Cochran (1980).
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Given five individuals, each with three days of intake records and
observed mean intakes of 1,050, 1,100, 1,150, 1,200, and 1,250 mg/
day, respectively, what can be determined about the adequacy of
their usual intakes? Assume that, to determine if the usual intake is
higher than the AI, a minimum confidence level of 85 percent is
desired.

To calculate the z-values for each of the five individuals, first divide
the SD of daily intake by the 3  (as 3 daily records are available for
each). In this example, 325/ 3  equals 188. The z-values are now
computed as (observed mean intake – AI)/188. For the five individ-
uals, the corresponding z-values are 0.27, 0.53, 0.80, 1.07, and 1.33,
respectively. From a standard z-table the probabilities of correctly
concluding that the usual intake is larger than the AI for each of
the five individuals are 61, 70, 79, 86, and 91 percent, respectively.
Only for the last two individuals, with observed mean intakes of
1,200 and 1,250 mg /day, would there be an 85 percent confidence
level when stating that usual intakes are greater than 1,000 mg/day.

The value of the z-statistic will increase whenever

• the difference between the observed mean intake and the AI
increases;

• the SD of daily intake for the nutrient is low; and
• the number of days of intake data available for the individual

increases.

This z-test relies on the assumption of normality of daily intakes.
For nutrients such as vitamin A, vitamin B12, and others with a CV of
daily intake larger than 60 to 70 percent, this test is likely to per-
form poorly. While the calculations are still possible, the level of
assurance resulting from the test will be incorrect. The performance
of the test also depends on accurately estimating the day-to-day vari-
ability in intakes for the individual. It is suggested that the pooled
SD of daily intake obtained, for example, from Tables B-2 through
B-5 be used in the calculations even though it is likely to be a poor
estimate of the individual’s true day-to-day variability in intakes. As
stated earlier, a more justifiable alternative cannot be offered at this
time, as no extensive studies on the dependence of individual SD of
intake and individual mean intake have been published. More re-
search is needed in this area.
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ASSESSING EXCESSIVE INTAKE AT THE
INDIVIDUAL LEVEL

Evaluation of the adequacy of an individual’s usual intake of a
nutrient has been discussed. Since food fortification is now com-
monplace and supplement intake is also on the rise, it is important
to evaluate whether an individual’s usual intake of a nutrient might
be excessive. To decide whether an individual has chronic consump-
tion of a nutrient at levels that may increase the risk of adverse
effects, the usual nutrient intake is compared to the Tolerable
Upper Intake Level (UL) established for the nutrient.

Because usual intakes are unobservable, the uncertainty of how
well observed mean intake estimates usual intake must be accounted
for, similar to comparing intake to the Adequate Intake (AI) as
discussed in the previous section. In this case, however, the z-statistic
is constructed by subtracting the UL from the observed mean intake,
and dividing the difference by the SD of daily intake over the square
root of the number of days of intake available for the individual.

z = (observed mean intake – UL)/(SD of daily intake/ n )

The resulting z-statistic is compared to tabulated values (Table B-6),
and the confidence level associated with the conclusion that the
usual intake is below the UL is obtained. If the resulting confidence
level is at least as high as the desired level, then it can be concluded
that the individual’s usual intake of the nutrient is below the UL
and thus a tolerable level of intake for the individual. If the result-
ing confidence level is not as high as the desired level, then it can-
not be conclusively stated that intake is risk free.

Caution also applies in this case. The z-test performs well when
daily intakes are approximately normally distributed, but may give
incorrect confidence levels when the distribution of daily intakes
departs from the normal. The SD of daily intake should accurately
reflect the day-to-day variability in intakes for the individual. In the
absence of better information about individual SD of daily intake, it
is recommended that the pooled estimate of the SD of intake com-
puted from a large nationwide food consumption survey be used.
Use of this pooled estimate of the SD of daily intakes is not ideal for
the individual, but a reliable alternative is not available at this time.

In the case of regular supplement users, an overestimate of the
individual day-to-day variability of intakes may result. If the day-to-
day variability for a supplement user were smaller, then the z-statistic
obtained from the assessment would be an underestimate.
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When using the proposed method it is important to note that the
pooled estimates of the within-person standard deviation of intakes
in Tables B-2 to B-5 are based on data on nutrients from food only,
not food plus supplements.  This suggests the need for caution in
using these estimates in assessing individual intakes relative to the
UL.  For some nutrients, ULs are defined on the basis of total intake
(food plus supplements), and the estimates of the within-person
standard deviation of intakes based on food alone may not be the
same as those based on food plus supplements.  For other nutrients,
ULs refer only to nutrient intake from food fortificants, supple-
ments, and pharmacological products.  In these cases, the proposed
methods are even less reliable, as currently there are no estimates
of the within-person standard deviation of intakes from supplement
use alone.
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C
Assessing Prevalence of

Inadequate Intakes for Groups:
Statistical Foundations

This appendix provides the formal statistical justification for the
methods for assessing the prevalence of inadequate intakes that
were described in Chapter 4. Additional details can be found in
Carriquiry (1999).

Let Yij denote the observed intake of a dietary component on the
jth day for the ith individual in the sample, and define yi = E{Yij | i}
to be that individual’s usual intake of the component. Further, let ri
denote the requirement of the dietary component for the ith indi-
vidual. Conceptually, because day-to-day variability in requirements
is typically present, ri is defined as = E{Rij | i}  and, as in the case of
intakes, Rij denotes the (often unobserved) daily requirement of
the dietary component for the ith individual on the jth day. In the
remainder of this appendix, usual intakes and usual requirements
are simply referred to as intakes and requirements, respectively.

The problem of interest is assessing the proportion of individuals
in the group with inadequate intake of the dietary component. The
term inadequate means that the individual’s usual intake is not
meeting that individual’s requirement.

THE JOINT DISTRIBUTION OF
INTAKE AND REQUIREMENT

Let FY,R (y,r) denote the joint distribution of intakes and require-
ments, and let fY,R (y,r) be the corresponding density. If fY,R (y,r) (or
a reliable density estimate) is available, then
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Pr(nutrient inadequacy) =  Pr( < )

=  
0

y r

f t s dsdtY R
r

, ( , ) .
0∫∫

∞ (1)

For a given estimate of the joint distribution fY,R, obtaining equa-
tion 1 is trivial. The problem is not the actual probability calculation
but rather the estimation of the joint distribution of intakes and
requirements in the population.

To reduce the data burden for estimating fY,R, approaches such as
the probability approach proposed by the National Research Coun-
cil (NRC, 1986) and the Estimated Average Requirement (EAR)
cut-point method proposed by Beaton (1994), make an implicit
assumption that intakes and requirements are independent random
variables—that what an individual consumes of a nutrient is not
correlated with that individual’s requirement for the nutrient. If
the assumption of independence holds, then the joint distribution
of intakes and requirements can be factorized into the product of
the two marginal densities as follows:

f r y f r f yY R R Y, ( , ) ( ) ( )= (2)

where fY(y) and fR(r) are the marginal densities of usual intakes of
the nutrient, and of requirements respectively, in the population of
interest.

Note that under the formulation in equation 2, the problem of
assessing prevalence of nutrient inadequacy becomes tractable.
Indeed, methods for reliable estimation of fY(y) have been proposed
(e.g., Guenther et al., 1997; Nusser et al., 1996) and data are abun-
dant. Estimating fR(r) is still problematic because requirement data
are scarce for most nutrients, but the mean (or perhaps the median)
and the variance of fR(r) can often be computed with some degree
of reliability (Beaton, 1999; Beaton and Chery, 1988; Dewey et al.,
1996; FAO/WHO, 1988; FAO/WHO/UNU, 1985). Approaches for
combining fR(r) and fY(y) for prevalence assessments that require
different amounts of information (and assumptions) about the
unknown requirement density fR(r) and the joint distribution
FY,R (y, r) are discussed next.
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THE PROBABILITY APPROACH

The probability approach to estimating the prevalence of nutrient
inadequacy was proposed by the National Research Council (NRC,
1986). The idea is simple. For a given a distribution of require-
ments in the population, the first step is to compute a risk curve
that associates intake levels with risk levels under the assumed require-
ment distribution.

Formally, the risk curve1  is obtained from the cumulative distri-
bution function (cdf) of requirements. If we let FR(.) denote the cdf
of the requirements of a dietary component in the population, then

)  nts(requiremePr)( aaFR ≤=

for any positive value a. Thus, the cdf FR takes on values between 0
and 1. The risk curve ρ (.) is defined as

( ) ( ) )    tsrequiremenPr(11 aaFa R ≤−=−=ρ

A simulated example of a risk curve is given in Figure 4-3. This
risk curve is easy to read. On the x-axis the values correspond to
intake levels. On the y-axis the values correspond to the risk of
nutrient inadequacy given a certain intake level. Rougher assess-
ments are also possible. For a given range of intake values, the asso-
ciated risk can be estimated as the risk value that corresponds to the
midpoint of the range.

For assumed requirement distributions with usual intake distribu-
tions estimated from dietary survey data, how should the risk curves
be combined?

It seems intuitively appealing to argue as follows. Consider again
the simulated risk curve in Figure 4-3 and suppose the usual intake
distribution for this simulated nutrient in a population has been
estimated. If that estimated usual intake distribution places a very
high probability on intake values less than 90, then one would con-

1When the distribution of requirements is approximately normal, the cdf can be
easily evaluated in the usual way for any intake level a. Let z represent the standard-
ized intake, computed as z = (a – mean requirement)/SD, where SD denotes the
standard deviation of requirement. Values of FR(z) can be found in most statistical
textbooks, or more importantly, are given by most, if not all, statistical software
packages. For example, in SAS, the function probnorm(b) evaluates the standard
normal cdf at a value b. Thus, the “drawing the risk curve” is a conceptualization
rather than a practical necessity.
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clude that most individuals in the group are likely to have inade-
quate intake of the nutrient. If, on the other hand, the usual nutri-
ent intake distribution places a very high probability on intakes
above 90, then one would be confident that only a small fraction of
the population is likely to have inadequate intake. Illustrations of
these two extreme cases are given in Figures 4-4 and 4-5.

In general, one would expect that the usual intake distribution
and the risk curve for a nutrient show some overlap, as in Figure
4-6. In this case, estimating the portion of individuals likely to have
inadequate intakes is equivalent to computing a weighted average
of risk, as explained below.

The quantity of interest is not the risk associated with a certain
intake level but rather the expected risk of inadequacy in the popula-
tion. This expectation is based on the usual intake distribution for
the nutrient in the population. In other words, prevalence of nutri-
ent inadequacy is defined as the expected risk for the distribution
of intakes in the population. To derive the estimate of prevalence,
we first define

• p(y) as the probability, under the usual intake distribution, asso-
ciated with each intake level y and

• ρ(y) as the risk calculated from the requirement distribution.
The calculation of prevalence is simple

Prevalence =
=

∞

∑ρ( ) ( )y p y
y 0

(3)

where, in practice, the sum is carried out only to intake levels where
the risk of inadequacy becomes about zero.

Notice that equation 3 is simply a weighted average of risk values,
where the weights are given by the probabilities of observing the
intakes associated with those risks. Formally, the expected risk is
given by

E y dF

y f y dy

risk{ } =

=

∞

∞

∫
∫

ρ

ρ

( )

( ) ( )

0

0

where ρ(y) denotes the risk value for an intake level y, F is the usual
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intake distribution, and f(y) is the value of the usual intake density
at intake level y.

When the NRC proposed the probability approach in 1986, statis-
tical software and personal computers were not as commonplace as
they are today. The NRC included a program in the report that
could be used to estimate the prevalence of nutrient inadequacy
using the probability approach. As an illustration, the NRC also
mentioned a simple computational method: rather than adding up
many products ρ(y) p(y) associated with different values of intakes,
intakes are grouped by constructing m bins. The estimated proba-
bilities associated with each bin are simply the frequencies of intakes
in the population that “fall into” each bin. (These frequencies are
determined by the usual intake distribution in the population.) The
average risk associated with intakes in a bin is approximated as the
risk associated with the midpoint of the bin. An example of this
computation is given on page 28, Table 5-1, of the NRC report
(1986). Currently, implementation of the probability approach can
be carried out with standard software (such as BMDP, SAS, Splus,
SPSS, etc.).

In general, researchers assume that requirement distributions are
normal, with mean and variance as estimated from experimental
data. Even under normality, however, an error in the estimation of
either the mean or the variance (or both) of the requirement distri-
bution may lead to biased prevalence estimates. NRC (1986) pro-
vides various examples of the effect of changing the mean and the
variance of the requirement distribution on prevalence estimates.
Although the probability approach was highly sensitive to specifica-
tion of the mean requirement, it appeared to be relatively insensi-
tive to other parameters of the distribution as long as the final dis-
tribution approximated symmetry. Thus, although the shape of the
requirement distribution is clearly an important component when
using the probability approach to estimate the prevalence of nutri-
ent inadequacy, the method appears to be robust to errors in shape
specifications.

The NRC report discusses the effect of incorrectly specifying the
form of the requirement distribution on the performance of the
probability approach to assess prevalence (see pages 32–33 of the
1986 NRC report), but more research is needed in this area, partic-
ularly on nonsymmetrical distributions. Statistical theory dictates
that the use of the incorrect probability model is likely to result in
an inaccurate estimate of prevalence except in special cases. The
pioneering efforts of the 1986 NRC committee need to be contin-
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ued to assess the extent to which an incorrect model specification
may affect the properties of prevalence estimates.

THE EAR CUT-POINT METHOD

The probability approach described in the previous section is
simple to apply and provides unbiased and consistent estimates of
the prevalence of nutrient inadequacy under relatively mild condi-
tions (i.e., intake and requirement are independent, distribution of
requirement is known). In fact, if intakes and requirements are
independent and if the distributions of intakes and requirements
are known, the probability approach results in optimal (in the sense
of mean squared error) estimates of the prevalence of nutrient
inadequacy in a group. However, application of the probability
approach requires the user to choose a probability model (a proba-
bility distribution) for requirements in the group. Estimating a den-
sity is a challenging problem in the best of cases; when data are
scare, it may be difficult to decide, for example, whether a normal
model or a t model may be a more appropriate representation of
the distribution of requirements in the group. The difference between
these two probability models lies in the tails of the distribution;
both models may be centered at the same median and both reflect
symmetry around the median, but in the case of t with few degrees
of freedom, the tails are heavier, and thus one would expect to see
more extreme values under the t model than under the normal
model. Would using the normal model to construct the risk curve
affect the prevalence of inadequacy when requirements are really
distributed as t random variables? This is a difficult question to
answer. When it is not clear whether a certain probability model
best represents the requirements in the population, a good alterna-
tive might be to use a method that is less parametric, that is, that
requires milder assumptions on the t model itself. The Estimated
Average Requirement (EAR) cut-point method, a less parametric
version of the probability approach, may sometimes provide a simple,
effective way to estimate the prevalence of nutrient inadequacy in
the group even when the underlying probability model is difficult
to determine precisely. The only feature of the shape of the under-
lying model that is required for good performance of the cut-point
method is symmetry; in the example above, both the normal and
the t models would satisfy the less demanding symmetry require-
ment and therefore choosing between one or the other becomes an
unnecessary step.

The cut-point method is very simple: estimate prevalence of inad-

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX C 209

equate intakes as the proportion of the population with usual in-
takes below the median requirement (EAR).

To understand how the cut-point method works, the reader is
referred to Chapter 4, where the joint distribution of intakes and
requirements is defined. Figure 4-8 shows a simulated joint distribu-
tion of intakes and requirements. To generate the joint distribu-
tion, usual intakes and requirements for 3,000 individuals were sim-
ulated from a χ2 distribution with 7 degrees of freedom and a
normal distribution, respectively. Intakes and requirements were
generated as independent random variables. The usual intake dis-
tribution was rescaled to have a mean of 1,600 and standard devia-
tion of 400. The normal distribution used to represent requirements
had a mean of 1,200 and standard deviation of 200. Note that intakes
and requirements are uncorrelated (and in this example, indepen-
dent) and that the usual intake distribution is skewed. An individual
whose intake is below the mean requirement does not necessarily have
an inadequate intake.

Because inferences are based on joint rather than the univariate
distributions, an individual consuming a nutrient at a level below
the mean of the population requirement may be satisfying the indi-
vidual’s own requirements. That is the case for all the individuals
represented in Figure 4-8 by points that appear below the 45o line
and to the left of the vertical EAR reference line, in triangular area B.

To estimate prevalence, proceed as in equation 1, or equivalently,
count the points that appear above the 45o line (the shaded area),
because for them y < r. This is not a practical method because typi-
cally information needed for estimating the joint distribution is not
available. Can this proportion be approximated in some other way?
The probability approach in the previous section is one such
approximation. The EAR cut-point method is a shortcut to the prob-
ability approach and provides another approximation to the true
prevalence of inadequacy.

When certain assumptions hold, the number of individuals with
intakes to the left of the vertical intake = EAR line is more or less
the same as the number of individuals over the 45o line. That is,

f y r dydr f y dy
ar

( , ) ( )≈ ∫∫∫
∞

000

or equivalently,
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Pr ( )y r F ar≤{ } ≈

where FY(a) = PR{y ≤ a} is the cdf of intakes evaluated at a, for a =
EAR. In fact, it is easy to show that when E(r) = E(y):

Pr ( )y r F EARY≤( ) =

The prevalence of inadequate intakes can be assessed as long as
one has an estimate of the usual nutrient intake distribution (which
is almost always available) and of the median requirement in the
population, or EAR, which can be obtained reliably from relatively
small experiments.

The quantile FY(EAR) is an approximately unbiased estimator of
Pr{y ≤ r}  if

• fY,R(y,r) = fY(y) fR(r), that is intakes and requirements are inde-
pendent random variables.

• Pr{r ≤ –α}  = Pr{r ≥ α}  for any α > 0, that is, the distribution of
requirements is symmetrical around its mean; and

•  22
yr σ>σ , where 2

rσ  and 2
yσ  denote the variance of the distri-

bution of requirements and of intakes, respectively.

When any of the conditions above are not satisfied, FY(EAR) ≠ Pr{y ≤ r},
in general. Whether FY (EAR) is biased upward or downward depends
on factors such as the relative sizes of the mean intake and the EAR.
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D
Assessing the Performance of
the EAR Cut-Point Method for

Estimating Prevalence

This appendix presents the results of preliminary computer sim-
ulations evaluating the performance of the Estimated Average Require-
ment (EAR) cut-point method for estimating the prevalence of
nutrient inadequacy. The simulations provide information on the
performance of this model when its key assumptions are violated.

INTRODUCTION

In Chapter 4, an approach to estimating the prevalence of inade-
quate intakes in a group, called the Estimated Average Require-
ment (EAR) cut-point method, was introduced. This method is a
short-cut of the probability approach for assessing nutrient inade-
quacy that was proposed by the National Research Council (NRC,
1986), and discussed in Appendix C of this report.

As stated in Chapter 4, the EAR cut-point method produces reli-
able estimates of the proportion of individuals in a group whose
usual intakes do not meet their requirements, as long as the follow-
ing assumptions hold:

• intakes and requirements of the nutrient are independent;
• the distribution of requirements in the group is symmetrical

about the EAR; and
• the variance of the distribution of requirements is smaller than

the variance of the distribution of usual intakes.

A reliable estimate of the distribution of usual intakes in the group
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is also needed in order to estimate the prevalence of inadequacy.
In addition, it was stated that the estimates of inadequacy would

be essentially unbiased when the actual prevalence of inadequacy in
the group is close to 50 percent. As the true prevalence approaches
0 or 100 percent, the performance of the EAR cut-point method
declines, even if the conditions listed above are met.

To test the EAR cut-point method, some preliminary simulation
studies were performed. The reliability of this method of estimating
the prevalence of inadequacy was evaluated in cases where the assump-
tions above were met, and also in cases in which one or more of the
assumptions were violated. For example, the EAR cut-point method
was used to evaluate groups in which (1) intakes and requirements
were correlated (for example, food energy), (2) the standard devia-
tion of requirements (SDr) was larger than the standard deviation of
usual intakes (SDi), and (3) the distribution of requirements was
skewed (as is the case of iron in menstruating women).

This appendix does not test the performance of the probability
approach. The probability approach, by construction, will perform
well whenever intakes and requirements are independent, and
whenever the form of the distribution of requirements is known. As
in the EAR cut-point method, a reliable estimate of the distribution
of usual intakes in the group must be available to ensure an unbiased
estimate of the prevalence of inadequacy in the group.

Results of the simulation studies are reported in three sections.
The first section examines the impact of violating the independence
assumption on the estimates of prevalence. In the second section,
the robustness of the EAR cut-point method to departures from the
assumption of small SDr relative to SDi is tested. Finally, in the third
section, the effects of departures from the assumption of a sym-
metrical requirement distribution are considered. In each section,
a description of how the simulations were run is followed by a sum-
mary of the major findings. The simulation studies presented are
preliminary and by no means definitive. They are intended to pro-
vide initial insight into the performance of this short-cut of the
probability approach for estimating inadequacy. It is hoped that
this report will encourage other researchers to proceed from the
information presented here and conduct further research on this
important topic.

INTAKES AND REQUIREMENTS ARE CORRELATED

The impact of violating the assumption of independence between
intakes and requirements was evaluated by estimating prevalence of
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inadequacy in a group in which the correlation varied from 0
through 1. The intakes and requirements for the group were gener-
ated from a bivariate normal distribution in which the mean and
standard deviation of usual intake were fixed at 90 and 30 units,
respectively. Several cases were considered for the distribution of
requirements. The Estimated Average Requirement (EAR) was fixed
at three values: 55, 70, and 90 units, and the SDr was also set at three
values: 7.5, 15, and 30 units. Thus, the effect of increasing the correla-
tion between intake and requirement for nine different scenarios
for the joint distribution of intakes and requirements was investigated.
It is important to point out that neither the probability approach
nor its shortcut, the EAR cut-point method require that the distri-
bution of usual intakes in the group be normal. The performance
of either method does not depend in any way on the shape of the
distribution of usual intakes in the group. Intakes from a normal
distribution were generated only for convenience.

In each case, the true prevalence was obtained as the proportion
of individuals whose usual intakes were below their requirements
for the nutrient in a population of 50,000. From this population,
smaller groups of 2,000 were sampled 200 times. The estimated prev-
alence was obtained as the proportion of individuals whose usual
intakes were below the corresponding EAR (i.e., by application of
the EAR cut-point method) in each of the 200 groups. The esti-
mates of prevalence presented here are the means, over the 200
replicates, of the estimates of prevalence in each of the groups.

In Figures D-1 through D-9, the solid lines and dots represent the
true prevalence at each value of the correlation between intakes and
requirements. The dashed lines and squares represent the average
estimates of prevalence (over the 200 replicates) at each correlation
value between intakes and requirements.
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FIGURE D-1 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Require-
ment (EAR) cut-point method for 10 values of the correlation. For all correlations,
mean intake = 90, standard deviation (SD) of intake = 30, EAR = 55, and SD of
requirement = 7.5 units.
NOTE: When the SD of requirement is small relative to the SD of intake, there is
no serious bias of the EAR cut-point method until correlation reaches 0.5 to 0.6.

Box D-1 Major findings—Intakes and requirements are correlated

• When the SDr is small relative to the SDi, no serious biases on the esti-
mate of prevalence are evident even at correlation values as high as 0.5 or 0.6
(Figures D-1 and D-4).

• When the SDr increases relative to the SDi, increasing the correlation
between intakes and requirements can result in noticeable biases in the
prevalence of inadequacy even when the correlation is no larger than about
0.4 (Figures D-2 and D-5).

• When the SDr is as large as the SDi, the bias in the estimate of prevalence
can be significant even if the correlation between intakes and requirements
is 0. This indicates that the EAR cut-point method is less robust to depar-
tures from the last assumption (variance of requirements must be smaller
than variance of usual intake) (Figures D-3 and D-6).

• When mean intake is equal to the EAR (prevalence is exactly equal to 50
percent), neither increasing the correlation coefficient to 1 nor equating
the variances of requirements and intakes introduces a bias in the estimated
prevalence (Figures D-7, D-8, and D-9).
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FIGURE D-2 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 55, and SD
of requirement = 15 units.
NOTE: When the SD of requirement increases relative to the SD of intake, increas-
ing the correlation between intake and requirements can result in noticeable bias
of the EAR cut-point method even when the correlation is as low as 0.4.
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FIGURE D-3 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 55, and SD
of requirement = 30 units.
NOTE: When the SD of requirement is as large as the SD of intake, the estimate of
prevalence of inadequate intakes using the EAR cut-point method shows signifi-
cant bias even when the correlation between intake and requirement is zero.
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FIGURE D-4 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 70, and SD
of requirement = 7.5 units.
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FIGURE D-5 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 70, and SD
of requirement = 15 units.
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FIGURE D-6 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 70, and SD
of requirement = 30 units.
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FIGURE D-7 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 90, and SD
of requirement = 7.5 units.
NOTE: When mean intake is equal to the EAR (prevalence of inadequate intakes is
50 percent), increasing the correlation between intake and requirement introduc-
es no bias in the prevalence estimate using the EAR cut-point method.
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FIGURE D-8 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 90, and SD
of requirement = 15 units.
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FIGURE D-9 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 90, and SD
of requirement = 30 units.
NOTE: When mean intake is equal to the EAR (prevalence of inadequate intakes is
50 percent), a variance of requirement as large as the variance of intake introduces
no bias in the prevalence estimate using the EAR cut-point method.

Figures D-10, D-11, and D-12 show the bias of the prevalence esti-
mates obtained from application of the EAR cut-point method rela-
tive to the true prevalence. The bias is calculated as the difference
between the average prevalence estimate over the 200 replicates,
and the true prevalence in the group. These three figures summa-
rize the results presented in Figures D-1 through D-9.

In Figure D-10 the solid line and dots represents the bias in the
estimated prevalence at various levels of the correlation between
intakes and requirements for the case where the EAR is 55 units
and the SDr is 7.5. The dotted line and squares represents the bias
of the EAR cut-point prevalence estimate when the SDr is increased
to 15 units. Finally, the dashed line and stars shows the amount of
bias in the EAR cut-point prevalence estimates when the SDr is equal
to the SDi of 30 units. Notice that when SDr is small, the bias in the
prevalence estimate is small, even at very high values of the correla-
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FIGURE D-10 The effect of the correlation between intakes and requirements for
10 values of the correlation on the bias of the estimated prevalence using the
Estimated Average Requirement (EAR) cut-point method. For all correlations,
mean intake = 90, standard deviation (SD) of intake = 30, and EAR = 55. The SD of
requirement was set to 7.5 units (solid line with dots), 15 units (dashed lines with
squares), and 30 units (dotted line with stars).
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FIGURE D-11 The effect of correlation between intakes and requirements on the
bias of the estimated prevalence using the Estimated Average Requirement (EAR)
cut-point method for 10 values of the correlation. For all correlations, mean intake
= 90, standard deviation (SD) of intake = 30, and EAR = 70. The SD of requirement
was set to 7.5 units (solid line with dots), 15 units (dashed lines with squares), and
30 units (dotted line with stars).
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FIGURE D-12 The effect of correlation between intakes and requirements on the
bias of the estimated prevalence using the Estimated Average Requirement (EAR)
cut-point method for 10 values of the correlation. For all correlations, mean intake
= 90, standard deviation (SD) of intake = 30, and EAR = 90. The SD of requirement
was set to 7.5 units (solid line with dots), 15 units (dashed lines with squares), and
30 units (dotted line with stars).
NOTE: When the true prevalence of inadequacy is 50 percent (mean intake equals
the EAR) neither increasing the correlation between intake and requirement or
increasing the SD of requirement relative to the SD of intake introduces any bias of
the prevalence estimate.

tion coefficient. The bias at any level of correlation increases as the
SDr becomes larger relative to the SDi.

Figure D-11 shows the effect of increasing the correlation between
intakes and requirements, and at the same time changing the relative
size of the SDr when the EAR is equal to 70. In these cases, the true
prevalence of inadequacy in the population is higher, as the EAR is
now closer to the mean intake. Again, increasing SDr appears to
have a stronger effect on the bias of the prevalence estimator than
does increasing the correlation between intakes and requirements.

Finally, Figure D-12 shows that when true prevalence is equal to
50 percent, neither increasing the correlation between intake and
requirement nor increasing the relative size of SDr has any effect on
the bias of the prevalence estimate. The EAR cut-point method pro-
duces a correct prevalence estimate at any correlation level and for
any value of the SDr relative to the SDi .
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In summary, violating the independence assumption (i.e., a non-
zero correlation) is likely to produce relatively minor biases on the
estimates of prevalence obtained from applying the EAR cut-point
method as long as the correlation between intakes and require-
ments does not exceed 0.5 or 0.6; the SDr is substantially smaller
than the SDi; and the true prevalence is neither very small nor very
large. The use of the EAR cut-point method (or the probability
approach) is not recommended for investigating the adequacy of
energy intakes in any group because for food energy the correla-
tion between intakes and requirements is known to be very high.

VARIANCE OF REQUIREMENTS IS LARGE RELATIVE TO
VARIANCE OF INTAKES

To test the effect of violating the assumption that variance of
requirements must be substantially smaller than variance of intakes
for good performance of the Estimated Average Requirement
(EAR) cut-point method, various scenarios were considered. Mean
intake was fixed at 90 units and SDi at 30 units, as before, and 0.01
and 0.7 were chosen for the correlation between intakes and require-
ments. The EAR was fixed at three different values: 55, 70, and 90
units. For each of the six different scenarios, the SDr varied from a
low value of 0 to a high value of 40 units, in 5 unit increments.

Again, for each case, a large population was generated, and groups
of 2,000 individuals were sampled 200 times. The prevalence esti-
mates shown in each case are obtained as the average over the 200
replicates.

Box D-2 Major findings—Variance of requirement relative to variance
of intake

• The impact of increasing the SDr relative to the SDi on the bias of the
prevalence estimates can be large, especially when true prevalence is not
close to 50 percent (Figures D-13 and D-15).

• When the correlation between intake and requirement is high (0.7),
the bias in the estimated prevalence can be high, but it does not increase
monotonically as SDr increases (Figures D-14 and D-16).

• When true prevalence is 50 percent, increasing the SDr even to values
above the SDi has no impact on the estimates of prevalence.
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FIGURE D-14 Effect of the standard deviation of requirement (SDr) on the esti-
mated prevalence of inadequate intakes using the Estimated Average Requirement
(EAR) cut-point method for 10 values of the SDr . For all values of the SDr , mean
intake = 90, SD of intake = 30, EAR = 55, and correlation between intake and
requirement = 0.7.
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FIGURE D-13 Effect of the standard deviation of requirement (SDr) on the esti-
mated prevalence of inadequate intakes using the Estimated Average Requirement
(EAR) cut-point method for 10 values of the SDr . For all values of the SDr , mean
intake = 90, SD of intake = 30, EAR = 55, and correlation between intake and
requirement = 0.01.

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


226 DIETARY REFERENCE INTAKES

35

30

25

20

15

10

5

0
0 5 10 15 20 25 30 35

SD of requirementP
re

va
le

nc
e 

of
 in

ad
eq

ua
te

 n
ut

rie
nt

 in
ta

ke
 (

%
)

40

True prevalence

EAR cut-point estimated prevalence

FIGURE D-15 Effect of the standard deviation of requirement (SDr) on the esti-
mated prevalence of inadequate intakes using the Estimated Average Requirement
(EAR) cut-point method for 10 values of the SDr . For all values of the SDr , mean
intake = 90, SD of intake = 30, EAR = 70, and correlation between intake and
requirement = 0.01.
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FIGURE D-16 Effect of the standard deviation of requirement (SDr) on the esti-
mated prevalence of inadequate intakes using the Estimated Average Requirement
(EAR) cut-point method for 10 values of the SDr . For all values of the SDr , mean
intake = 90, SD of intake = 30, EAR = 70, and correlation between intake and
requirement = 0.7.

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX D 227

Figures D-17 and D-18 summarize the information presented in
Figures D-13 through D-16. In Figure D-17, the three curves repre-
sent the bias of the prevalence estimate relative to the true preva-
lence for three values of the EAR and when the correlation between
intakes and requirements is close to 0. The solid line with dots
shows the expected bias when the EAR is 55 units for varying values
of the SDr. The dotted line with stars corresponds to the bias at
varying values of SDr when the EAR is 70. Finally, the dashed line
with squares indicates the expected bias when the EAR is equal to
the mean intake and the true prevalence is 50 percent. Notice that
when SDr is high relative to SDi, the bias in the estimated prevalence
can be substantial. Consider for example, the case where the EAR is
55 and the SDr is 40. The bias in the estimated prevalence is approx-
imately 11 percent. This might not seem significant until one recalls
that for an SDr of 30 and an EAR of 55, the true prevalence in the
group is approximately 20 percent (see Figure D-1). Thus, the bias
in the estimate of prevalence corresponds to a full 50 percent of the
true prevalence in the population.
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FIGURE D-17 Effect of the standard deviation of requirement (SDr) on bias of the
estimated prevalence of inadequate intakes using the Estimated Average Require-
ment (EAR) cut-point method for 10 values of the SDr. For all values of the SDr,
mean intake = 90, SD of intake = 30, and correlation between intake and require-
ment = 0.01. The EAR was set at 55 units (solid line with dots), 70 units (dotted
line with stars) and 90 units (dashed line with squares).
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FIGURE D-18 Effect of the standard deviation of requirement (SDr) on bias of the
estimated prevalence of inadequate intakes using the Estimated Average Require-
ment (EAR) cut-point method for 10 values of the SDr. For all values of the SDr,
mean intake = 90, SD of intake = 30, and correlation between intake and require-
ment = 0.7. The EAR was set at 55 units (solid line with dots), 70 units (dotted line
with stars) and 90 units (dashed line with squares).

In Figure D-18, again the three curves represent the three differ-
ent values of the EAR, but now the correlation between intakes and
requirements was fixed at 0.7. Referring back to Figures D-14 and
D-16, one can see that as the value of SDr increases, the true preva-
lence first decreases and then increases. This is a result of the pat-
tern of overlapping the requirements and intake distributions. The
biases in the estimates of prevalence shown in Figure D-18 follow
the same pattern. It is important to notice that the EAR cut-point
estimate of prevalence does not track the changes in true preva-
lence as the SDr varies, and thus produces biased estimates.

In summary, violating the assumption requiring that the variance
of requirements be smaller than the variance of intakes is likely to
have a noticeable impact on the reliability of the prevalence esti-
mate. To date, suggested estimates of the variance of requirements
for most nutrients are smaller than those calculated for intakes. In
principle, therefore, one need not worry about potential violations
of this assumption. A situation in which the variance of intake may
become small relative to the variance of requirements is for institu-
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tionalized populations, in which feeding is controlled and about
the same for all individuals in the group (e.g., nursing homes). In
these special instances it may be possible that the variance of intakes
in the group could become small enough to create a problem. In
this case, it might be better to assess adequacy using the probability
approach rather than its short cut.

THE DISTRIBUTION OF REQUIREMENTS IS NOT
SYMMETRICAL AROUND THE EAR

The assumption of symmetry of the requirement distribution is
inappropriate for at least one important nutrient: iron requirements
in menstruating women. As will be evident by inspection of the
simulation results, when this assumption does not hold the perfor-
mance of the Estimated Average Requirement (EAR) cut-point
method for estimating the prevalence of nutrient inadequacy leaves
much to be desired. In cases where it is known that the distribution
of requirements is skewed, use of the probability approach is rec-
ommended to assess adequacy of nutrient intake for the group. In
the case of iron, for example, the estimate of prevalence that would
result from applying the probability approach and using a log-normal
model for the requirement distribution will be less biased than that
resulting from application of the EAR cut-point method. This is
likely to be true even if the log-normal model is not the correct
model for requirements.

The model used for simulating intakes and requirements in this
section differs from the ones described in previous sections. Here,
the simulation model was based on one proposed by the Food and
Agriculture Organization/World Health Organization (FAO/WHO,
1988) to describe iron requirements. It has been established that
daily losses of iron are 0.77 mg, and menstrual losses of iron are
modeled as log-normal random variables with a mean (in natural
log units) of –0.734 and standard deviation of 0.777. The specifica-
tion of the model also assumes high iron availability in the diet (a
bioavailability of 15 percent). For the simulation, the skewness of
the requirement distribution was varied, and five values considered:
0.6, 1.3, 2.5, 3.2, and 5.7. Recall that for a symmetrical distribution,
the value of the skewness coefficient is equal to zero; thus, increas-
ing skewness reflects increasing departures from symmetry. Intakes
were simulated independently as normal random variables with a
mean intake of 12 mg, and standard deviation of 3 mg resulting in a
CV of intake of 25 percent.

Rather than repeatedly sampling groups of 2,000 from the popu-
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lation of 50,000, prevalence of inadequacy was estimated from the
population itself. Therefore, the values shown in Table D-1 and in
Figure D-19 represent the actual proportion of individuals with
intakes below requirements (true prevalence) and the estimate
obtained from application of the EAR cut-point method.

The only nutrient for which there is strong evidence indicating a
skewed requirement distribution (at the time this report was pub-
lished) is iron in menstruating women (FAO/WHO, 1988). In recent
Institute of Medicine reports on Dietary Reference Intakes (DRIs)

TABLE D-1 True Prevalence of Inadequacy and Estimated
Prevalence of Inadequacy of Iron Obtained Using the EAR
Cut-point Method

Distribution of
Requirements

Standard True Estimated
Mean Deviation Skewness Prevalence (%) Prevalence (%) Bias(%)

8.4 0.7 0.62 12 11 1
8.6 1.4 1.32 15 11 4
9.0 2.5 2.51 20 11 9
9.5 3.9 3.15 24 11 13

10.4 6.9 5.73 28 12 16

NOTE: The distribution of usual intakes is fixed to be normal with a mean of 12 mg and
a standard deviation of 3 mg.

Box D-3 Major findings—Distribution of requirements not symmetrical

• The bias in the estimate of inadequacy that results from application of
the EAR cut-point method when the distribution of requirements is skewed
can be severe.

• When skewness exceeds values around 2, the relative bias (estimated
prevalence/true prevalence) is very large—over 100 percent.

• Even though this simulation was limited in scope, results are striking
enough for the Uses Subcommittee to recommend that the EAR cut-point
method not be used to assess the prevalence of nutrient inadequacy for a
nutrient with a skewed requirement distribution.
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FIGURE D-19 The effect of the skewness of the requirement distribution on bias
of the estimated prevalence of inadequate intakes using the Estimated Average
Requirement (EAR) cut-point method for five values of skewness. For all levels of
skewness, mean intake = 12 mg, standard deviation (SD) of intake = 3 mg, and
correlation between intake and requirement = 0. The SD of requirement varied
with the skewness of the requirement distribution.
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no information was available to indicate nonsymmetrical distribu-
tions of requirements, so symmetry was assumed for the nutrients
studied (IOM, 1997, 1998b, 2000).

When requirements are not symmetrically distributed around the
EAR, the probability approach should be used to assess prevalence
of inadequacy. To implement the probability approach it is neces-
sary to specify a probability model for the requirement distribution.
The probability approach should result in essentially unbiased esti-
mates of prevalence if a skewed requirement distribution is accu-
rately specified. If the requirement distribution is incorrectly speci-
fied (for example, a log-normal model is chosen for estimation, but
gamma or Weibull would be more correct), then the prevalence
estimates obtained via the probability approach will also be biased.
The effect of incorrect model specification on the bias of the prob-
ability approach has not been studied, but the bias resulting in this
case would likely still be smaller than that resulting from the appli-
cation of the EAR cut-point method to estimate prevalence.
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E
Units of Observation:

Assessing Nutrient Adequacy
Using Household and

Population Data

Typically, the unit of observation implicitly assumed in dietary
assessment is the individual. That is, the analysis assumes that infor-
mation is available on the usual intake of individuals. For either the
probability approach or Estimated Average Requirement (EAR) cut-
point method, data on individual intakes are compared with infor-
mation on the distribution of individual requirements to estimate
the prevalence of inadequacy in a group of individuals.

HOUSEHOLD-LEVEL ASSESSMENTS

In assessing the nutrient adequacy of household intakes, it is first
necessary to construct a household requirement. It is important at
this stage to be explicit about the intended application. One possi-
bility is to evaluate the likely adequacy of intake for a specific house-
hold described in terms of the characteristics of each individual
living in that household.

Energy

Using energy as an example, an estimate of the total energy need as
a summation of the needs of the individuals in the household could
be developed. In fact, the energy needs of particular individuals are
not known, only the average of needs of similar individuals. By
analogy the total need computed for the household from the
Dietary Reference Intakes (DRIs) for individuals will have an associ-
ated variability. A joint 1985 report by the Food and Agriculture
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Organization of the United Nations, World Health Organization,
and United Nations University (FAO/WHO/UNU, 1985) on energy
and protein requirements discussed the procedure for estimating
the variance that should be attached to the household energy require-
ment estimate. In theory, a probability statement can be made about
the likelihood of adequacy of the household energy intake. How-
ever, because of the expected correlation between energy intake
and energy need, it will be difficult or impossible to interpret the
probability unless the observed household intake falls well above or
well below the distribution of needs of similar households. When
this occurs there are serious limitations to the assessment of the
estimated energy intake of a particular household and attempts to
do so (with currently available methodology) are not recommended.

When the intended application is to assess the apparent adequacy
of a population of households (e.g., in the examination of data
from a household food use survey involving a large number of
households), one can estimate the mean household energy require-
ment as a demographically weighted average—the summation of
requirements for the typical household. In comparison with the
description above, the variance of requirement would be increased
to allow for the variation in household composition. A major dis-
tinction between assessing a particular household and assessing a
population of households is that the population average household
intake should be expected to approximate the population mean
household energy requirement, thus the confidence associated with
an assessment of the total group should be improved. Conversely,
because of expected correlation between energy intakes and energy
needs at the household level, it is not possible to generate an unbiased
estimate of the prevalence of inadequate intakes. The issues are the
same as those for assessment of populations of individuals.

Nutrients

Assessing the adequacy of intakes of other nutrients at the house-
hold level is also possible but the process is more complicated than
for energy. Unlike for energy, where an aggregate household require-
ment can be generated, an aggregate household requirement can-
not be used as an EAR for other nutrients because intake and require-
ment are not correlated for most nutrients. Even if household intake
appears to meet the aggregate household need for the nutrient, the
lack of correlation between intake and need suggests that there is
no assurance that nutrient intakes will be distributed within the
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household in a manner likely to satisfy the needs of the individual
household members.

This problem has been identified since at least 1970 when a Food
and Agriculture Organization/World Health Organization (FAO/
WHO) report on requirements of iron demonstrated that simply
computing the aggregate requirement of household members did
not begin to address issues of estimating the amount of iron that
needed to be supplied at the household level if adequacy of intake of
the individual family members was to be expected. That is, when a
diet providing the aggregate iron need is acquired and consumed
by the household, it is likely that food (and iron) will be distributed
in proportion to energy needs of the individuals. As a result, there
will almost certainly be serious shortfalls in iron intake for women
and very young children and surplus iron intakes for adult men and
boys (FAO/WHO, 1970). Although the problem had been identi-
fied, practical approaches to resolution were much later in coming.

A possible solution to this problem—suggested but not developed
in the 1970 report—is to estimate the required nutrient density of
the household diet such that when that diet is shared in proportion
to energy, there is high likelihood that the needs of all individuals
would be met. By definition, such a diet provided in amounts to
meet household energy needs would represent a nutritionally ade-
quate household-level diet. The required household nutrient density
is set with respect to the class of individuals with the highest nutri-
ent density need. With the use of current FAO/WHO nutrient and
energy requirement estimates and the exclusion of pregnant women
from the consideration, it turns out that this is often pubescent boys
and girls or women of childbearing age.

The calculation of required nutrient density is not as simple as
computing the ratio of either the Estimated Average Requirement
(EAR) or Recommended Dietary Allowance (RDA) for the nutrient
to the average energy requirement. The calculations must take into
account variability of the nutrient requirement, expected variability
of the nutrient density in ingested diets, and assurance of adequacy
for the targeted individual. The theoretical basis for such calcula-
tions was partially developed by the 1985 FAO/WHO/UNU com-
mittee and an operational approach was subsequently applied by
Beaton. In an unpublished report to the Canadian International
Development Agency in 1995, Beaton operationalized these con-
cepts in developing guidelines for fortification of foods for refugees
where the household was taken as the unit of observation (and of
distribution). Because household-level calculations are most likely
to be conducted in connection with planning rather than evalua-
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tion, the technical aspect of the approach will be presented in a
later report when planning is discussed.

With a reference nutrient density in hand, the proportion of house-
holds that meet two conditions can be calculated: an energy intake
above the household level requirement and nutrient density above
the reference. From this, as for assessment of groups of individuals,
a prevalence of households with inadequate nutrient supplies and
intakes may be computed. Note that the nutrient assessment can be
meaningful only if household energy intake approximates the house-
hold energy need. This approach does not give an independent
estimate of nutrient adequacy because if energy intake is inade-
quate for the total household, there can be no assurance that food
(and nutrient intake) will be distributed in proportion to the energy
needs of different classes of individuals—a core necessity of the
nutrient density approach.

Although this approach can resolve some of the major issues when
dealing with populations of households, it has severe limitations
and is not recommended for assessment of observed intake of spe-
cific households.

A Caveat on Dietary Data Used for
Household-Level Assessments

Although it is not within the purview of this report to address
methodologies of food intake data collection, it is germane to warn
about special issues to be considered in assessing the suitability of
data or in developing adjustments. Information on household food
consumption often comes from food use data, not from food intake
data. Household food use refers to food and beverages used from
household food purchases and supplies (stored foods, home pro-
duction, etc.). Food use defined this way is not equivalent to food
intake by individuals in the household. Food intake refers to foods
actually eaten and is, in general, substantially less than food used by
the household. Usage data must be adjusted (methods have been
developed by the U.S. Department of Agriculture and others) to
take into account food that is discarded and nutrient losses that
may occur during storage, processing, and preparation (assuming
that nutrient composition data relevant to foods as purchased rather
than as consumed are used to compute energy and nutrient supply).
Again the overriding principle is that both intakes and requirements
must be expressed at the same level of aggregation and food prepa-
ration before valid comparisons can be made. Further, account must
be taken of consumption of foods outside the household and whether
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these are included in the estimate of food use at the household
level. If they are not included, the reference requirement figures
may need to be changed.

POPULATION-LEVEL ASSESSMENTS

At the population level the most common method for assessing
nutrient adequacy is based on food disappearance data (food bal-
ance sheets) (Gibson, 1990). For this discussion, all reservations are
admitted but set aside about the validity of per capita energy and
nutrient supplies calculated from food disappearance data and the
allowances that are made for food wastage down to the retail level
as well as wastage in the household. The Food and Agriculture
Organization (FAO) and many national governments have devoted
much effort to improving these procedures. Because the data serve
many important purposes in the examination of food trade trends
and supplies, computation of apparent nutrient supplies is a sec-
ondary or tertiary use of data.

Customary food balance sheets provide information on a country’s
food supply available for consumption derived from calculations
based on estimates of amounts of domestic food produced plus
food imports and any change in food stocks since the previous ref-
erence period, and less food exports and food diverted to non-
human sectors (e.g., animal feeds) or converted to other forms in
processing (e.g., alcohol production or in North America the pro-
duction of high fructose sweeteners). Losses that must be taken
into account include losses in the field, storage and transportation,
and processing (taking into account any by-products that reenter
the human food supply) and losses and wastage at the retail and
household levels (garbage). Losses at the retail and household level
vary widely between populations and perhaps population subgroups.
Once the supply of food available for consumption is calculated, it
is often converted to a per capita basis by dividing it by estimates of
population size, although for energy assessment it might be
expressed as the aggregate total energy supply (the units for intake
and requirement must be the same for assessment purposes).

Uses of food balance sheets include the analysis of trends in a
population’s food supply, formulating changes in agricultural poli-
cies, and monitoring changes over time in the types of foods con-
sumed (FAO, 1998). An additional reported use, perhaps implicit
in the foregoing material, is using food balance sheet data to assess
overall adequacy of the food supply relative to a population’s nutri-
tional requirements.
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Per Capita Energy Needs

Historically, the goal has been to assess the apparent adequacy of
total energy supply for a population or group of populations. An
approach to the estimation of population energy needs was
described in detail by James and Schofield (1990). Energy needs of
each physiological stratum of the population—taking into account
either actual or desirable body size and physical activity—are multi-
plied by the number of individuals in that stratum and these needs
are aggregated for the population. Under the condition of overall
adequacy judged against this estimate of aggregate need (which
could be expressed as the total or per capita energy need), the
assumption must be that, on a chronic basis, energy intake is dis-
tributed across strata and individuals in proportion to energy needs.
If per capita supply meets or exceeds the per capita requirement
(including allowance for wastage), then a satisfactory situation can
and should exist. However, where total supply appears to fall short of
total need, it must be accepted that the distribution of intakes is
likely to be inequitable. Without information about that distribu-
tion, inferences cannot be drawn about the likely prevalence of
inadequate intakes within the population. Interpretation is limited
to the unit of observation—the population as a whole or sometimes
a specific population subgroup for which food use data are available.

Per Capita Needs for Other Nutrients

In theory, one could also assess per capita intake data for adequacy
of other nutrients at the population level. The approach would have
to involve a first step of generating a per capita requirement proba-
bly based on an intermediate nutrient density approach as discussed
above for household intake data. It is not certain whether such an
approach has ever been attempted. Approaches based on a per
capita recommended intake (e.g., demographically weighted Rec-
ommended Dietary Allowances [RDAs]) will not work for the same
reasons discussed for household-level intake data. That is, it is
unreasonable to assume equitable (proportional to actual need)
distribution of nutrients. Methodologies for population-level assess-
ment of nutrient supply are in their infancy and any attempt at such
assessment should be scrutinized with great care. In the past the
most commonly used approach was the simple comparison of per
capita supply with the RDA, with or without even demographic
weighting. That is an inappropriate use of the RDAs, past or present
(Beaton, 1999).
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In theory, then, an assessment of nutrient supply can be made
with the population as the unit of observation but it would require
very careful thought in building an estimate of the appropriate ref-
erence population requirement.
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F
Rationale for Setting

Adequate Intakes

In the Dietary Reference Intake (DRI) nutrient reports, the Ade-
quate Intake (AI) has been estimated in a number of different ways.
Because of this, the exact meanings and interpretations of the AIs
differ. Some AIs have been based on the observed mean intake of
groups or subpopulations that are maintaining health and nutri-
tional status consistent with meeting the criteria for adequacy. How-
ever, where reliable information about these intakes was not avail-
able, or where there were conflicting data, other approaches were
used. As a result, the definition of an AI is broad and includes
experimentally estimated desirable intakes.

These varying methods of setting an AI make using the AI for
assessing intakes of groups difficult. When the AI is based directly
on intakes of apparently healthy populations, it is correct to assume
that other populations (with similar distributions of intakes) have a
low prevalence of inadequate intakes if the mean intake is at or
above the AI. For nutrients for which the AI was not based on
intakes of apparently healthy populations, a group mean intake at
or above the AI would still indicate a low prevalence of inadequate
intakes for that group but there is less confidence in this assess-
ment. Tables F-1 through F-6 give more details on the methods
used to set the AIs for calcium, vitamin D, fluoride, pantothenic
acid, biotin, and choline. For infants, AIs have been set for all nutri-
ents evaluated to date (see table at the end of this book). For all
these nutrients except vitamin D, the AI for infants is based on
intakes of healthy populations that are fed only human milk. How-

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


240 DIETARY REFERENCE INTAKES

TABLE F-1 Adequate Intake (AI) for Calcium

Life Stage Group AI (mg/d) Basis for AI

0–6 mo 210 Human milk content

7–12 mo 270 Human milk content + solid food

1–3 y 500 Extrapolation from AI for 4–8 y (desirable
calcium retention)

4–8 y 800 Calcium balance, calcium accretion, ∆BMCb

9–18 y 1,300 Desirable calcium retention, ∆BMC, factorial

19–30 y 1,000 Desirable calcium retention, factorial

31–50 y 1,000 Calcium balance, BMDc

ever, for the other age groups, only fluoride and pantothenic acid
AIs are based on intakes of apparently healthy populations.
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Study Populationa

Balance studies:
n=60 girls and 39 boys; aged 2–8 y; normal and healthy (Matkovic, 1991;
Matkovic and Heaney, 1992)

Retention studies:
1. n=115 girls and 113 boys; aged 9–19 y (Martin et al., 1997)
2. n=80; aged 12–15 y; Caucasians (Greger et al., 1978; Jackman et al., 1997;

Matkovic et al., 1990)
3. n=111 girls and 22 boys; aged 9–17 y; normal and healthy (Matkovic and

Heaney, 1992)

BMC studies:
1. n=94 Caucasian girls; mean age 12 y (Lloyd et al., 1993)
2. n=48 Caucasian girls; mean age 11 y (Chan et al., 1995)
3. n=70 pairs of identical twins; aged 6–14 y; 45 pairs completed the 3-y study

(Johnston et al., 1992)

n=26 men and 137 women; aged 18–30 y; normal and healthy (Matkovic and
Heaney, 1992)

Balance studies:
1. n=130 premenopausal women (white Roman Catholic nuns); aged 35–50 y

(Heaney et al., 1977)
2. n=25 healthy women; aged 30–39 y (Ohlson et al., 1952)
3. n=34 healthy women; aged 40–49 y (Ohlson et al., 1952)

BMD studies:
1. n=37 premenopausal women; aged 30–42 y (Baran et al., 1990)
2. n=49 premenopausal, healthy women; aged 46–55 y; Netherlands (Elders et

al., 1994)

continued
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51–70 y 1,200 Desirable calcium retention, factorial, ∆BMD

> 70 y 1,200 Extrapolation from AI for 51–70 y (desirable
calcium retention), ∆BMD, fracture rate

Pregnancy and 1,300 Bone mineral mass
lactation, <18 y

Pregnancy and 1,000 Bone mineral mass
lactation, 19–50 y

a Unless noted otherwise, all studies were performed in the United States or Canada.
b ∆BMC = change in bone mineral content.
c ∆BMD = change in bone mineral density.

TABLE F-1 Adequate Intake (AI) for Calcium

Life Stage Group AI (mg/d) Basis for AI

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX F 243

Retention studies:
1. n=85 women with vertebral osteoporosis; aged 48–77 y (Hasling et al., 1990)
2. n=18 women and 7 men with osteoporosis; aged 26–70 y, mean age 53

(Selby, 1994)
3. n=181 balance studies of ambulatory men; aged 34–71 y, mean age 54

(Spencer et al., 1984)
4. n=76 women; aged 50–85 y (Ohlson et al., 1952)
5. n=61 postmenopausal women with osteoporosis (Marshall et al., 1976)
6. n=41 postmenopausal, estrogen-deprived women (white Roman Catholic

nuns); mean age 46 y (Heaney and Recker, 1982; Heaney et al., 1978)

BMD studies:
1. n=9 clinical trials in postmenopausal women (Aloia et al., 1994; Chevalley et

al., 1994; Dawson-Hughes et al., 1990; Elders et al., 1991; Prince et al., 1991,
1995; Recker et al., 1996; Reid et al., 1995; Riis et al., 1987)

2. n =77 men; aged 30–87 y, mean age 58; 3-y study (Orwoll et al., 1990)

Study Populationa

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


244 DIETARY REFERENCE INTAKES

TABLE F-2 Adequate Intake (AI) for Vitamin D

Life Stage Group AI (µg/d) Basis for AI

0–6 mo 5 Serum 25(OH)Db level

7–12 mo 5 Serum 25(OH)D level

1–3 y 5 Serum 25(OH)D level
4–8 y
9–13 y
14–18 y

19–50 y 5 Serum 25(OH)D level

51–70 y 10 Serum 25(OH)D level

>70 y 15 Serum 25(OH)D level

Pregnancy and 5 Serum 25(OH)D level
lactation, all
ages

aUnless noted otherwise, all studies were performed in the United States or Canada.
b 25(OH)D = 25-hydroxyvitamin D.
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Study Populationa

n= 256 full-term Chinese infants (Specker et al., 1992)

1. n=18 healthy, full-term, human-milk-fed infants; 17 Caucasian, 1 Asian-Indian
(Greer et al., 1982)

2. n=150 normal, full-term, formula-fed Chinese infants (Leung et al., 1989)
3. n=38 healthy infants, aged 6–12 months; Norway (Markestad and Elzouki, 1991)

1. n=104 boys and 87 girls; healthy, normal; aged 8–18 y; Norway (Aksnes and
Aarskog, 1982)

2. n=90 randomly selected school students in Turkey; 41 girls, 49 boys; aged 6–17
y (Gultekin et al., 1987)

1. n=52 women; aged 25–35 y (Kinyamu et al., 1997)

1. n=247 healthy, postmenopausal, ambulatory women; mean age 64 y (Dawson-
Hughes et al., 1995)

2. n=333 healthy, postmenopausal, Caucasian women; mean age 58 y (Krall et al.,
1989)

3. n=249 healthy, postmenopausal, ambulatory women; mean age 62 y (Dawson-
Hughes et al., 1991)

1. n=60 women living in a nursing home, mean age 84 y; and 64 free-living
women, mean age 71 y (Kinyamu et al., 1997)

2. n=109 men and women living in a nursing home; mean age 82 y (O’Dowd et
al., 1993)

3. n=116 men and women; mean age 81 y (Gloth et al., 1995)
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TABLE F-3 Adequate Intake (AI) for Fluoride

Life Stage Group AI (mg/d)a Basis for AI

0–6 mo 0.01 Human milk content

7–12 mo 0.5 Caries prevention
1–3 y 0.7 Caries prevention
4–8 y 1 Caries prevention

9–13 y 2 Caries prevention

14–18 y, males 3 Caries prevention

14–18 y, females 3 Caries prevention

>19 y, males 4 Caries prevention
>19 y, females 3 Caries prevention

Pregnancy and 3 Caries prevention
lactation, <18 y

Pregnancy and 3 Caries prevention
lactation, 19–50 y

a For all life stage groups, the AI was calculated using 0.05 mg/kg/day as the amount of
fluoride needed to prevent dental caries. This amount was based on the studies out-
lined in this table.
b Unless noted otherwise, all studies were performed in the United States or Canada.
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Study Populationb

Caries prevention was based on the following studies that measured or
calculated fluoride intake in children:
1. number of infants not given; aged 1–9 y (McClure, 1943)
2. calculated total daily fluoride intake for a typical infant at age 2, 4, and 6

mo using food analyses and caloric intake estimates (Singer and Ophaug,
1979)

3. calculated average daily fluoride intake for a typical 6-mo-old infant and 2-y-
old child using U.S. Food and Drug Administration food consumption
estimates and food analyses; calculations were done for four dietary regions
in the United States (Ophaug et al., 1980a, b, 1985)

4. calculated fluoride intake from 24-h dietary recalls of 250 mothers as part of
Nutrition Canada Survey (Dabeka et al., 1982)

Caries prevention was based on the following studies which measured or
calculated fluoride intake in adults:
1. analyzed duplicate diets of 24 adults and determined mean dietary intake

(Dabeka et al., 1987)
2. analyzed hospital diet; n=93 food items (Taves, 1983)
3. measured dietary intake of 10 adult male hospital patients (Spencer et al.,

1981)
4. calculated total daily intake for typical males aged 15–19 y using food

composition and consumption data (Singer et al., 1980, 1985)
5. determined average daily intake from analysis of hospital diet; n=287 diets

(Osis et al., 1974)
6. calculated daily intake from food analyses of diets from 16 U.S. cities

(Kramer et al., 1974)
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TABLE F-4 Adequate Intake (AI) for Pantothenic Acid

Life Stage Group AI (mg/d) Basis for AI

0–6 mo 1.7 Human milk content

7–12 mo 1.8 Mean of extrapolation from AI for 0–6 mo
and adult AIb

1–3 y 2 Extrapolation from adult AI

4–8 y 3 Extrapolation from adult AI

9–13 y 4 Extrapolation from adult AI

14–18 y 5 Extrapolation from adult AI, urinary
pantothenate excretion

≥ 19 y 5 Usual intake

Pregnancy, all ages 6 Usual intake
Lactation, all ages 7 Usual intake, maternal blood concentrations,

secretion of pantothenic acid into milk

a Unless noted otherwise, all studies were performed in the United States or Canada.
b To extrapolate from the AI for adults to an AI for children, the following formula is used
AIchild = AIadult (F), where F = (Weightchild/Weightadult)0.75 (1 + growth factor). To
extrapolate from the AI for infants ages 0–6 months to an AI for infants ages 7–12 months,
the following formula is used: AI7–12 mo = AI0–6 mo (F), where F = (Weight7–12 mo/
Weight0–6 mo)0.75.

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX F 249

Study Populationa

1. n=26 boys aged 14–19 y and 37 girls aged 13–17 y; all healthy volunteers
(Eissenstat et al., 1986)

2. n=8 boys and 4 girls; aged 11–16 y (Kathman and Kies, 1984)

Usual intake was based on 4 studies:
1. n=23 (16 females, 7 males), aged 18–53 y (mean 26 y), 19 Caucasian,

4 Chinese, all normal healthy volunteers (Kathman and Kies, 1984)
2. n=7,277 randomly selected British households from the U.K. National Food

Survey (Bull and Buss, 1982)
3. n=37 males, 54 females (26 institutionalized, 65 noninstitutionalized), aged

65+ y (Srinivasan et al., 1981)
4. n=12 healthy men, half were aged 21–35 y and half were aged 65–79 y (Tarr et

 al., 1981)
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TABLE F-5 Adequate Intake (AI) for Biotin

Life Stage Group AI (µg/d) Basis for AI

0–6 mo 5 Human milk content

7–12 mo 6 Extrapolation from AI for 0–6 moa

1–3 y 8 Extrapolation from AI for 0–6 mob

4–8 y 12 Extrapolation from AI for 0–6 mob

9–13 y 20 Extrapolation from AI for 0–6 mob

14–18 y 25 Extrapolation from AI for 0–6 mob

Adults, all ages 30 Extrapolation from AI for 0–6 moc

Pregnancy, all ages 30 Extrapolation from AI for 0–6 mo

Lactation, all ages 35 Extrapolation from AI for 0–6 mo +
amount of biotin secreted into milk

aTo extrapolate from the AI for infants ages 0–6 months to an AI for infants ages 7–12
months, the following formula is used: AI7–12 mo = AI0–6 mo (F), where F = (Weight7–12 mo/
Weight0–6 mo)0.75.
bTo extrapolate from the AI for infants ages 0-6 months to an AI for children and
adolescents 1-18 years, the following formula is used: AIchild = AI0-6 mo (F), where
F = (Weightchild/Weight0-6 mo)0.75.
c To extrapolate from the AI for infants ages 0-6 months to an AI for adults, the follow-
ing formula is used: AIadult = AI0-6 mo (F), where F = (Weightadult/Weight0-6 mo)0.75.
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Study Population

1. n= 35 mature milk samples from 38 healthy nursing mothers in Japan (Hirano
et al., 1992)

2. n=140 healthy, full-term infants in Finland; 4 mo lactation (Salmenpera et al.,
1985)
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TABLE F-6 Adequate Intake (AI) for Choline

Life Stage Group AI (mg/d) Basis for AI

0–6 mo 125 Human milk content

7–12 mo 150 Extrapolation from AI for 0–6 moa

1–3 y 200 Extrapolation from adult AI

4–8 y 250 Extrapolation from adult AI

9–13 y 375 Extrapolation from adult AI

14–18 y, males 550 Extrapolation from adult AI

14–18 y, females 400 Extrapolation from adult AI

≥19 y, males 550 Prevention of ALTb abnormalities

≥19 y, females 425 Prevention of ALT abnormalities

Pregnancy, all ages 450 Prevention of ALT abnormalities + cost of
pregnancy

Lactation, all ages 550 Prevention of ALT abnormalities + amount
of choline secreted into milk

aTo extrapolate from the AI for adults to an AI for children, the following formula is
used AIchild = AIadult (F), where F = (Weightchild/Weightadult)0.75 (1 + growth factor).
To extrapolate from the AI for infants ages 0–6 months to an AI for infants ages 7–12
months, the following formula is used: AI7–12 mo = AI0–6 mo (F), where F = (Weight7–12 mo/
Weight0–6 mo)0.75.
b ALT = alanine aminotransferase.
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Study Population

n=16 healthy male volunteers; aged 29 y (Zeisel et al., 1991)
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G
Glossary and Abbreviations

Acute exposure An exposure to a toxin or excess amount of a
nutrient that is short term, perhaps as short
as one day or one dose. In this report it gen-
erally refers to total exposure (diet plus sup-
plements) on a single day.

Adequacy of Intake of a nutrient that meets the individual’s
nutrient intake requirement for that nutrient.

Adverse effects In the toxicological sense, defined symptoms
of poor or undesirable health resulting from
administration of a toxin or excess amounts
of a nutrient.

AI Adequate Intake; a recommended intake
value based on observed or experimentally
determined approximations or estimates of
nutrient intake by a group (or groups) of
apparently healthy people that are assumed
to be adequate—used when an RDA cannot
be determined.

Bias Used in a statistical sense, referring to a ten-
dency of an estimate to deviate from a true
value (as by reason of nonrandom sampling).
To be unbiased, a statistic would have an
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expected value equal to a population param-
eter being estimated.

Chronic exposure Exposure to a chemical compound such as a
nutrient for a long period of time, perhaps
as long as every day for the lifetime of an
individual.

Cluster analysis A general approach to multivariate problems,
the aim of which is to determine whether in-
dividuals fall into groups or clusters.

Cut-point The exact point when something stops or
changes. The EAR is used as a cut-point in
the EAR cut-point method of assessing the
prevalence of inadequacy for a group.

Deficiency An abnormal physiological condition result-
ing from inadequate intake of a nutrient or
multiple nutrients.

Dietary reference Nutrient intake values established as goals for
standards individuals or groups for good nutrition and

health.

Dietary status The condition of an individual or group as a
result of food and nutrient intake. Dietary
status also refers to the sum of dietary intake
measurements for an individual or a group.

Disappearance data Data that refer to food and nutrients that dis-
appear from the marketplace. The term
refers to food and nutrient availability for a
population that is calculated from national
or regional statistics by the inventory-style
method. Usually taken into account are the
sum of food remaining from the previous
year, food imports, and agricultural produc-
tion; from this sum is subtracted the sum of
food remaining at the end of the year, food
exports, food waste, and food used for non-
food purposes. Disappearance data do not
always take account of food that does not
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enter commerce, such as home food produc-
tion, wild food harvests, etc.

Distribution of The observed dietary or nutrient intake dis-
observed intakes tribution representing the variability of

observed intakes in the population of interest.
For example, the distribution of observed
intakes may be obtained from dietary survey
data such as 24-hour recalls.

Distribution of The distribution reflecting the individual-to-
requirements individual variability in requirements. Vari-

ability exists because not all individuals in a
(sub)population have the same requirements
for a nutrient (even if individuals are grouped
into homogenous classes, such as Hispanic
men aged 19 to 50 years).

Distribution of The distribution of long-run average dietary
usual intakes or nutrient intakes of individuals in the pop-

ulation. The distribution should reflect only
the individual-to-individual variability in in-
takes. Statistical procedures may be used to
adjust the distribution of observed intakes by
partially removing the day-to-day variability in
individual intakes, so the adjusted distribu-
tion more closely reflects a usual intake dis-
tribution.

Dose-response Determines the relationship between nutrient
assessment intake (dose) and either some criterion of

adequacy or adverse effect.

DRI Dietary Reference Intake; a reference value
that is a quantitative estimate of a nutrient
intake. It is used for planning and assessing
diets for healthy people.

EAR Estimated Average Requirement; a nutrient
intake estimated to meet the requirement of
half the healthy individuals in a particular life
stage and gender group.
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EAR cut-point A method of assessing the nutrient adequacy
method of groups. It consists of assessing the propor-

tion of individuals in the group whose usual
nutrient intakes are below the EAR.

Error in Mistake made in the observation or record-
measurement ing of data.

Food balance sheet See disappearance data.

Former RDA and Recommended daily dietary intake level of a
RNI nutrient sufficient to meet the nutrient require-

ment of nearly all healthy persons in a partic-
ular life stage and gender group. These stan-
dards were last issued in the United States in
1989 (RDA, Recommended Dietary Allow-
ance) and in Canada in 1990 (RNI, Recom-
mended Nutrient Intake).

Household Individuals sharing in the purchase, prepara-
tion, and consumption of foods. Usually this
will represent individuals living as a family in
one home, including adults and children. A
household may be the unit of observation
rather than the independent individuals
within it.

Inadequacy of Intake of a nutrient that fails to meet the
nutrient intake individual’s requirement for that nutrient.

Interindividual Variability from person-to-person.
variability

Intraindividual Variability within one person. The term is
variability generally used to refer to day-to-day variation

in reported intakes, also called the within-
person variation or standard deviation within
(SDwithin).

Joint distribution Simultaneous distribution of both require-
ments (y-axis) and usual intakes (x-axis) for a
single nutrient by individuals within a popu-
lation or group.
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Likelihood Probability.

LOAEL Lowest-observed-adverse-effect level; lowest
intake (or experimental dose) of a nutrient
at which an adverse effect has been identi-
fied.

Mean intake Average intake of a particular nutrient or
food for a group or population of individu-
als. Also average intake of a nutrient or food
over two or more days for an individual.

Mean requirement Average requirement of a particular nutrient
for a group or population of individuals.

NOAEL No-observed-adverse-effect level; the highest
intake (or experimental dose) of a nutrient
at which no adverse effects have been ob-
served in the individuals studied.

Normal distribution In the statistical sense, refers to a specific type
of distribution of the values for a parameter
within a group or population. The distribu-
tion is symmetrical and the mean ± 2 stan-
dard deviations will encompass the parameter
for 95 percent of the individuals in the
group.

Nutrient The lowest continuing intake level of a nutri-
requirement ent that will maintain a defined level of nutri-

ture in a healthy individual; also called indi-
vidual requirement.

Nutritional status Condition of an individual or group result-
ing from nutrient intake and utilization of a
nutrient at the tissue level.

Population A large group; in this report, a large group of
people.

Prevalence The percentage of a defined population that
is affected by a specific condition at the same
time.
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Prevalence of The percentage of a population that has
inadequate intakes intakes below requirements.

Probability approach A method of assessing the nutrient adequacy
of groups. It uses the distribution of usual
intakes and the distribution of requirements
to estimate the prevalence of inadequate
intakes in a group. Also known as the NRC
approach.

Probability of Outcome of a calculation that compares an
inadequacy individual’s usual intake to the distribution

of requirements for persons of the same life
stage and gender to determine the probability
that the individual’s intake does not meet his
or her requirement.

RDA Recommended Dietary Allowance; the aver-
age daily intake level sufficient to meet the
nutrient requirement of nearly all (97 to 98
percent) healthy individuals in a particular
life stage and gender group.

Requirement The lowest continuing intake level of a nutri-
ent that will maintain a defined level of nutri-
ture in a healthy individual.

Risk The probability or likelihood that some un-
wanted effect will occur; in this report, refers
to an unwanted effect from too small or too
large an intake of a nutrient.

Risk assessment A scientific undertaking to characterize the
nature and likelihood of harm resulting from
human exposure to agents in the environ-
ment (in this case, a dietary nutrient). It
includes both qualitative and quantitative
information and a discussion of the scientific
uncertainties in that information. The pro-
cess of risk assessment can be divided into
four major steps: hazard identification, dose-
response assessment, exposure assessment,
and risk characterization.
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Risk curve Used to demonstrate inadequacy or excess of
a particular nutrient. As defined in the usual
statistical sense, a risk curve is in contrast to
the concept of probability curve.

Risk of excess In relation to the DRIs, the likelihood that
an individual will exceed the UL for a partic-
ular nutrient.

Risk of exposure In the toxicological sense, the likelihood that
individuals will experience contact with a
toxin (or consume levels of a nutrient above
the UL).

Risk of inadequacy The likelihood that an individual will have
usual intake of a particular nutrient that is
less than the individual’s requirement.

Sensitivity analysis Technique of varying the implicit assump-
tions or presumed conditions of an analysis
approach to see how much this affects the
overall outcome.

Skewed distribution A distribution that is not symmetrical around
its mean. For example, a skewed distribution
can have a long tail to the right (right-skewed
distribution) or to the left (left-skewed distri-
bution).

Symmetrical A distribution that has the same number of
distribution values (observations) above and below the

mean and has equal proportions of these
values around the mean.

Threshold The point in a dose-response curve that is
accepted as the point beyond which a risk of
adverse effects occurs.

Toxicity An adverse condition relating to or caused
by a toxin.

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX G 261

True prevalence The actual prevalence of a condition assum-
ing no error in measurement of either
requirements or intakes that would result in
false negative or false positive classifications.

UF Uncertainty factor; a value assigned to a spe-
cific nutrient reflecting the level of uncer-
tainty about data used to establish a Tolerable
Upper Intake Level.

UL Tolerable Upper Intake Level; the highest
average daily nutrient intake level likely to
pose no risk of adverse health effects to
almost all individuals in the general popula-
tion. As intake increases above the UL, the
potential risk of adverse effects increases.

Unit of observation The level of aggregation at which data are
collected. For example, the unit of observa-
tion for dietary assessment may be  the indi-
vidual, the household, or the population.

Univariate The distribution of a single variable.
distribution

Usual intake The long-run average intake of food, nutri-
ents, or a specific nutrient for an individual.

Variance of usual In the statistical sense, reflects the spread of
intakes or the distribution of usual intakes or require-
requirements ments on both sides of the mean intake or

requirement. When the variance of a distri-
bution is low, the likelihood of seeing values
that are far away from the mean is low; in
contrast, when the variance is large, the like-
lihood of seeing values that are far away from
the mean is high. For usual intakes and
requirements, variance reflects the person-to-
person variability in the group.
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Biographical Sketches of
Subcommittee Members

SUZANNE P. MURPHY, Ph.D., R.D. (Chair), is a researcher at the
Cancer Research Center of Hawaii at the University of Hawaii,
Honolulu. Previously, she was an adjunct associate professor in the
Department of Nutritional Sciences at the University of California
at Berkeley and director of the California Expanded Food and Nutri-
tion Program at the University of California at Davis. She received
her B.S. in mathematics from Temple University and her Ph.D. in
nutrition from the University of California at Berkeley. Dr. Murphy’s
research interests include dietary assessment methodology, develop-
ment of food composition databases, and nutritional epidemiology.
She was a member of the National Nutrition Monitoring Advisory
Council and serves on the editorial boards of the Journal of Nutri-
tion, Journal of Food Composition and Analysis, Family Economics and
Nutrition Review, and Nutrition Today. Dr. Murphy is a member of
numerous professional organizations including the American Dietetic
Association, American Society for Nutritional Sciences, American
Public Health Association, American Society for Clinical Nutrition,
and Society for Nutrition Education. She has over 50 publications
on dietary assessment methodology and has lectured nationally and
internationally on this subject.

LENORE ARAB, Ph.D., is a professor of epidemiology and nutri-
tion in the Departments of Epidemiology and Nutrition at the Uni-
versity of North Carolina at Chapel Hill School of Public Health.
Dr. Arab’s main research interests are anticarcinogens in foods,
heterocyclic amines, breast cancer incidence and survival, the rela-

Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes:  Applications in Dietary Assessment
http://www.nap.edu/catalog/9956.html

http://www.nap.edu/catalog/9956.html


APPENDIX H 263

tionship of diet to atherosclerosis, antioxidant nutrients in various
diseases, iron nutriture, and multimedia approaches to dietary assess-
ment. She has published over 140 original papers as well as numer-
ous book chapters and monographs. Dr. Arab serves as a nutrition
advisor to the World Health Organization (WHO) and is the found-
ing director of the WHO Collaborating Center for Nutritional Epi-
demiology in Berlin. She is the North American Editor of the journal
Public Health Nutrition and sits on the editorial boards of the Europe-
an Journal of Clinical Nutrition, Journal of Clinical Epidemiology, and
Public Health Nutrition. Dr. Arab received her M.Sc. from the Harvard
School of Public Health and her Ph.D. in nutrition from Justus
Liebig University in Giessen, Germany.

SUSAN I. BARR, Ph.D., R.D., is a professor of nutrition at the Uni-
versity of British Columbia. She received a Ph.D. in human nutri-
tion from the University of Minnesota and is a registered dietitian
in Canada. Her research interests focus on the associations among
nutrition, physical activity, and bone health in women, and she has
authored over 60 publications. Dr. Barr has served as vice president
of the Canadian Dietetic Association (now Dietitians of Canada)
and is a fellow of both the Dietitians of Canada and the American
College of Sports Medicine. She is currently a member of the
Scientific Advisory Board of the Osteoporosis Society of Canada,
the Medical Advisory Board of the Milk Processors Education Pro-
gram, and the Scientific Advisory Board of Canada’s National Insti-
tute of Nutrition.

SUSAN T. BORRA, R.D., is senior vice president and director of
nutrition at the International Food Information Council. Ms. Borra
is responsible for directing communications programs, executing
public affairs strategies, and managing nutrition and food safety
issues. Additionally, she oversees the development of consumer edu-
cation materials and nutrition, food safety, and health programs.
Ms. Borra is President-elect of the American Dietetic Association,
past chair of the American Dietetic Association Foundation, and is
a member of the American Heart Association and the Society for
Nutrition Education. She has a bachelor’s degree in nutrition and
dietetics from the University of Maryland and is a registered dietitian.

ALICIA L. CARRIQUIRY, Ph.D., is an associate provost and associ-
ate professor in the Department of Statistics at Iowa State University.
She has a Ph.D. in statistics and animal science from Iowa State.
Since 1990, Dr. Carriquiry has been a consultant for the U.S.
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Department of Agriculture Human Nutrition Information Service.
She has also done consulting for the U.S. Environmental Protection
Agency, the National Pork Producers Council, and is an affiliate for
the Law and Economics Consulting Group. At present, Dr. Carriquiry
is investigating the statistical issues associated with the Third National
Health and Nutrition Examination Survey (NHANES III) and she
has recently completed reports on improving the USDA’s food
intake surveys and methods to estimate adjusted intake, and bio-
chemical measurement distributions for NHANES III. Dr. Carriquiry
is the current Program Chair of the International Society for Bayesian
Analysis and is an elected member of the International Statistical
Institute. She is editor of Statistical Science, and serves on the Board
of Directors of the National Institute of Statistical Science and of
the International Society for Bayesian Analysis. Her research inter-
ests include nutrition and dietary assessment, Bayesian methods and
applications, mixed models and variance component estimation.

BARBARA L. DEVANEY, Ph.D., is an economist and senior fellow
at Mathematica Policy Research in Princeton, New Jersey.  Her sub-
stantive expertise is in the areas of food assistance and nutrition
policy and child health policy and programs.  She has conducted
several studies of the school nutrition programs, the Food Stamp
Program, and the Special Supplemental Nutrition Program for
Women, Infants and Children (WIC).  Dr. Devaney also serves on
the advisory board for the Maternal and Child Health Nutrition
Leadership Training Program and was Visiting Professor for UCLA’s
program where she taught classes on food and nutrition assistance
policy.  She previously served as a member of the Institute of Medi-
cine’s Committee on Scientific Evaluation of the WIC Nutrition Risk
Criteria. Dr. Devaney received her Ph.D. in economics from the
University of Michigan.

JOHANNA T. DWYER, D.Sc., R.D., is director of the Frances Stern
Nutrition Center at New England Medical Center and professor in
the Departments of Medicine and of Community Health at the Tufts
Medical School and School of Nutrition Science and Policy in
Boston. She is also senior scientist at the Jean Mayer U.S. Depart-
ment of Agriculture Human Nutrition Research Center on Aging at
Tufts University. Dr. Dwyer’s work centers on life cycle-related con-
cerns such as the prevention of diet-related disease in children and
adolescents and maximization of quality of life and health in elderly
adults. She also has a long-standing interest in vegetarian and other
alternative lifestyles. Dr. Dwyer is currently the editor of Nutrition
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Today and on the editorial boards of Family Economics and Nutrition
Review and Nutrition Reviews. She received her D.Sc. and M.Sc. from
the Harvard School of Public Health, an M.S. from the University of
Wisconsin, and her undergraduate degree with distinction from
Cornell University. She is a member of the Institute of Medicine,
the Food and Nutrition Board’s Standing Committee on the Scien-
tific Evaluation of Dietary Reference Intakes, past president of the
American Society for Nutrition Sciences, past secretary of the
American Society for Clinical Nutrition, and a past president of the
Society for Nutrition Education.

JEAN-PIERRE HABICHT, M.D., Ph.D., is a professor of nutritional
epidemiology in the Division of Nutrition Sciences at Cornell Uni-
versity. His professional experience includes serving as special assis-
tant to the director of the Division of Health Examination Statistics
at the National Center for Health Statistics, World Health Organiza-
tion (WHO) medical officer at the Instituto de Nutricion de Centro
America y Panama, and professor of maternal and child health at
the University of San Carlos in Guatemala. Currently, Dr. Habicht
serves as an advisor to United Nations (UN) and government health
and nutrition agencies. He is a member of the WHO Expert Advisory
Panel on Nutrition and the UN Advisory Group on Nutrition. He
has consulted for the UN World Food Program and is involved in
research with the UN High Commission for Refugees about the
adequacy of food rations in refugee camps. Dr. Habicht served as a
member of the Institute of Medicine’s Food and Nutrition Board
(1981–1984) and as a member and past chair of the Committee on
International Nutrition Programs. Dr. Habicht chaired the National
Research Council’s Coordinating Committee on Evaluation of Food
Consumption Surveys which produced the 1986 report, Nutrient
Adequacy: Assessment Using Food Consumption Surveys.

HARRIET V. KUHNLEIN, Ph.D., R.D., is professor of human nutri-
tion in the School of Dietetics and Human Nutrition at McGill Uni-
versity and Founding Director of the Centre for Indigenous Peoples’
Nutrition and Environment. She is a registered dietitian in Canada
and holds a Ph.D. in nutrition from the University of California at
Berkeley. The focus of Dr. Kuhnlein’s research is on the nutrition,
food habits, and environment of indigenous peoples. Specifically,
her work examines the traditional foods of indigenous peoples, con-
taminant levels in indigenous Arctic food systems, and nutrition
promotion programs for indigenous peoples. She has published
numerous articles on these subjects. Dr. Kuhnlein is a member of
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both the American and Canadian Societies of Nutritional Sciences,
the Society for International Nutrition Research, the Canadian Die-
tetic Association, and the Society for Nutrition Education. She serves
on the advisory council of the Herb Research Foundation and is a
former cochair of the committee on Nutrition and Anthropology of
the International Union of Nutritional Sciences. Dr. Kuhnlein also
serves on the editorial boards of Ecology of Food and Nutrition, Journal
of Food Composition and Analysis, Journal of Ethnobiology, and the Inter-
national Journal of Circumpolar Health.
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Index

A
Acute exposure, 254
Adequacy of nutrient intake

confidence levels, 6, 56-57, 60, 64-65,
67, 68, 189-190, 197, 199, 200

criteria of, 23, 27
defined, 254
household level, 233-234
in individual-level assessments, 6, 56-

57, 60, 64-65, 67, 68, 189-190, 197,
199, 200

observed difference and, 187
probability of correct conclusion

about, 190, 199
risk-reduction based indicator of, 2,

23, 27
uncertainty in, 186, 188-189

Adequate Intakes (AIs). See also specific
nutrients

adaptations in, 26
applicable population, 26
context for use, 23, 24, 25, 111
defined, 3, 106, 239, 254
derivation of, 25, 26, 27, 106-109
EARs compared, 59, 109, 163, 198
extrapolation from other age groups,

26
and food guides, 38
in group-level assessments, 4, 12, 106,

109-112

and group mean intake, 6, 12, 107,
108, 110, 111, 131

indicators used to set, 27, 107-109
in individual-level assessments, 4, 6-7,

46, 51, 58-62, 67, 68, 69, 194, 198-
200

limitations in dietary assessment, 4,
109-112

methods used to set, 239-253
misuse of, 111-112
nutrients, by life-stage groups, 107-109,

240-253, 274-275
and prevalence of inadequate intakes,

12, 109-110
pseudo EAR calculated from, 111-112
qualitative interpretation of intakes

relative to, 62
RDAs compared, 26-27, 59, 109, 198
risk of inadequacy, 59
uses, 25, 30
usual intakes above or below, 46, 59-

60, 110, 126
Adjusted standardized intakes, 137
Adjusting intake distributions

day-to-day correlation in data and, 9,
96, 196-197

heterogeneous within-person variation
and, 95

Iowa State University method, 98-102,
160
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large within-person variation and, 94-
95

National Research Council method,
93-94, 97-98, 100

overview of methods, 9-10, 96-102
reasons for, 9, 94-96
skewed distributions and, 46, 61-62, 95-

96
software development needs, 167
from survey data, 96, 128

Adolescents, 14 through 18 years
AIs, 26, 107
household-level assessments, 234
RDAs, 26
within-subject variation in nutrient

intake, 192, 194
Adults, 19 through 50 years

AIs, 25, 107
extrapolation of data to other age

groups, 26
household-level assessments, 234
within-subject variation in nutrient

intake, 191, 193
Adults, 51 through 70 years

AIs, 25, 107
within-subject variation in nutrient

intake, 191, 193
Adults, >70 years

assessing diet of individuals, 66-67, 68
within-subject variation in nutrient

intake, 191, 193
Anthropometry, 47, 66, 89
Assessment. See Group-level assessments;

Individual-level assessments
Assisted living setting, individual-level

assessments in, 66-67, 68
Asymmetrical distribution. See Skewed

distribution

B
B vitamins, 42. See also individual vitamins
Basal requirement, 22
Behavioral research, 17, 164
Beltsville One Year Dietary Survey, 195
Bias

in adjusted standardized intakes, 137
in cut-point method, 88, 91, 93, 214,

215, 216, 221-223, 224, 227, 230
defined, 254-255
EAR and, 53n.1, 54, 56, 93-102

in energy intakes, 164
in food intake estimation, 17, 164
in observed mean intakes, 58
in prevalence of inadequacy, 86, 88,

91, 99, 102, 155, 156, 160, 207, 214,
215, 216, 221-223, 224, 227

requirement distribution and, 197
Biochemical indices, 47, 73, 99, 166
Biological parameters, in individual-level

assessments, 47, 66, 67, 69
Biotin

AIs, 25, 108, 109, 250-251, 275
group-level assessments, 10-11, 73, 82-

83, 108
Body mass index, 89
Body weight, and DRIs, 148

C
Calcium

AIs, 25, 51, 107, 108, 240-243, 274
group-level assessments, 10-11, 73, 82-

83, 107, 108
individual-level assessments, 60-61, 68,

198
prevalence of excess intakes, 14-15,

130, 131, 142-143
prevalence of inadequate intakes, 14-

15
skewed intake distributions, 95
supplements, 95
ULs, 115, 130, 131, 270
usual nutrient intakes of children, 129,

130
within-subject variation in intake, 191,

192
Canada

Council on Nutrition, 2, 30
Food Guide to Healthy Eating, 33, 38
nutrition assistance programs, 39

Canadian International Development
Agency, 234

Canadian Recommended Nutrient Intakes
defined, 257
DRIs contrasted, 22-23
RDAs contrasted, 2, 30
uses, 30, 31-42, 127

Carbohydrates, 193-194
Carotenes, 56, 126, 158, 191, 192, 197
Child and Adult Care Feeding Program,

35
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Children, ages 1 through 8 years. See also
Life-stage groups; individual nutrients

AIs, 26, 107, 129
characteristics of usual nutrient intake,

129
derivation of DRIs for, 26
EARs, 129
RDAs, 26, 129
within-subject variation in nutrient

intake, 192, 194
Cholesterol, 193-194
Choline

AIs, 25, 108, 109, 250-251, 275
group-level assessments, 10-11, 73, 82-

83, 108
prevalence of excess intakes, 14-15,

131, 142-143
ULs, 116-117, 131, 271

Chronic disease risk reduction
food health claims, 41
as indicator of nutrient adequacy, 2, 23

Chronic exposure, 255
Chronic intakes above ULs, 63, 125, 126
Clinical dietetics, 36-37, 41, 47
Cluster analysis, 133, 255
Coefficient of variation

of daily intake, 63, 67, 191-194, 196, 200
in EARs, 50-51, 56, 194, 196
and nonnormal distribution, 196
of requirements for nutrients, 83, 197

Confidence levels
in group-level adequacy of intakes, 12,

110
in group-level safety of intakes, 122
in individual-level adequacy of intakes,

6, 56-57, 60, 64-65, 67, 68, 189-190,
197, 199, 200

in individual-level safety of intakes,
199, 201

Continuing Survey of Food Intakes of
Individuals (CSFII), 53, 54-55, 58,
61, 64, 65, 153, 166, 195-196, 199

Copper, 191, 192
Criterion of nutritional adequacy, 23, 25,

27
Critical adverse affect, by nutrient and

life-stage group, 115-119
Cumulative distribution function, 205
Cut-point method, 120

accuracy, 81
applicable nutrients, 10-11, 82-83, 91

assumptions in, 9, 11, 167, 211
asymmetrical requirement distribution,

89-91, 212, 229-231
bias in, 88, 91, 93, 214, 215, 216, 221-

223, 224, 227, 230
correlated intakes and requirements

and, 81, 87-89, 212-224
defined, 255, 257
distribution of usual intakes, 131, 212,

213
EAR and, 74, 81-93, 99, 191, 208-231, 257
energy intakes and, 81, 88-89, 212, 224
FAO/WHO simulation model, 229-231
inapplicable nutrients, 81, 88-89, 91,

224
independence of intakes and

requirements, 81, 83-84, 85, 86, 88
joint distribution in, 83-84, 85, 86, 204,

208, 209, 213
performance assessment, 18, 87, 102,

167, 211-231
prevalence of inadequate intakes, 18,

81-82, 86, 99, 104, 167, 209-210,
213, 214-221, 225-226, 230

principle, 208-209, 232
probability approach compared, 208,

209, 212, 213, 229, 231
requirement distribution and, 11 81,

83, 86, 89-91, 163, 208, 209, 212,
229-231

requirement variance relative to intake
variance, 11, 83, 86, 91-93, 167,
212, 224-229

uncertainty in, 158-159

D
Daily Value (DV), 41
Deficiency, defined, 255
Defined nutritional states, 25, 106
Density estimation. See Nutrient density

approach
Diagnostic considerations, 47
Diet histories, 49-50, 58, 152-153
Diet planning, 2, 30
Diet software programs, 47
Dietary assessment. See also Group-level

assessments; Individual-level
assessments

information sources for, 45
with RDAs and RNIs, 2, 30-31, 32-33
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Dietary Guidelines for Americans, 33
Dietary intake data. See also Dietary survey

data; Measuring dietary intakes;
Observed intakes; Usual intakes of
nutrients

accuracy of nutrient analysis of, 46-47
collection, 49-50, 60, 94, 96, 99, 151-

154, 159, 164, 235
factors influencing, 48, 150, 163
for household-level assessments, 104,

156-157, 235-236
for individual assessments, 49-50, 54
interpretation of, 51
quality of, 17, 163-165
RDAs and RNIs, 32-33, 38
research recommendations, 163-165
under-reporting, 17, 48, 58, 153-154,

160, 164
usual intake reflected in, 60

Dietary records
one-day, 10, 99-100, 101-102, 127-128
three-day, 54, 56, 94, 200
nonconsecutive days, 94, 127-128
seven-day, 67
weighed food, 153

Dietary Reference Intakes (DRIs)
age and, 149
adjustment for specific individuals and

populations, 41, 147-150, 163
applicable population, 3, 22, 26, 41
applications in individual-level

assessments, 4, 46, 66-69
availability and reliability of data, 27
body weight and, 148
categories; see Adequate Intakes;

Estimated Average Requirements;
Recommended Dietary Allowances;
Tolerable Upper Intake Levels

characteristics of usual nutrient intake
by, 129

criteria for, 3-4, 22, 27
defined, 1, 22, 256
describing dietary survey data with, 14-

15, 127, 128-129
effects of variation in, 23
energy intake and, 149-150, 163
framework, 3-4, 182
group-level applications of, 2, 4, 7-13,

14-15, 127-143
individual-level applications of, 2, 4,

46, 66-69

origin, 2, 179-180
parameters for, 181-184; see also Life-

stage groups; Reference heights
and weights

physiological stage and, 149
properties of, 26
RDAs and RNIs contrasted, 2-3, 22-23
risk of inadequacy, 24
single-endpoint approach, 3-4, 22
uncertainty in, 27

Dietary reference standards
changes over time, 2, 29-31
choosing for individuals, 50-51
conceptual framework, 2, 30-31
current uses, 29-42
defined, 255
primary applications, 2, 29-30
users, 31

Dietary status, defined, 255
Dietary survey data

adjusting intake distributions, 96, 128
describing, 14-15, 127, 128-129
distribution of usual intakes from, 10,

14-15, 96, 127-128, 133-134, 142-
143, 205-206

evaluating, 14-15, 127, 128, 132-143
and group-level assessments, 10, 96, 98-

102, 128-129, 132-143
pooling for standard deviation in

intakes, 53, 54-55, 58, 64, 65, 195-
196, 198-199, 200, 201-202

sample size considerations, 98-99
sampling weights, 96, 133

Disease risk assessment, 36-37, 40
Distribution of observed intakes. See also

Adjusting intake distributions
defined, 256
and individual-level assessments, 61-62,

190, 198-199, 201
skewed/asymmetrical, 56, 61-62, 95-96,

190, 196, 197, 201
usual intake distribution estimated

from, 94
variance of, 94

Distribution of requirements. See also Joint
distribution of intake and
requirement; Nutrient
requirements

and bias, 197
and cut-point method, 11, 81, 83, 86,

89-91, 163, 208, 209, 212, 229-231
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defined, 256
log normal, 91, 229-231
normal/symmetrical, 74, 77, 81, 190,

205n.1, 207, 208
skewed/asymmetrical, 46, 50-51, 57,

67, 80, 81, 89-91, 197, 207, 212,
229-231

variance of, 8, 53n.1, 162-163, 188
Distribution of usual intakes. See also

Adjusting intake distributions; Joint
distribution of intake and
requirement

characteristics of, 14-15, 128-129
defined, 256
EAR cut-point method and, 131, 212, 213
for group-level assessments, 94, 99-102,

155
multiple regression analyses of, 133,

134-140
from observed intake, 94
from one day of intake data, 99-100,

101-102
and prevalence of inadequate intakes,

14-15, 130-131, 135-139
regression-adjusted differences in

means, 135
from replicate intake data, 99-100
risk curve and, 78-80, 121, 205-206, 208
skewed, 95-96, 209
software for estimating, 160
spread/variance, 93
in subpopulations, 14-15, 132-139, 142-

143
supplement use and, 155, 164
from survey data, 10, 14-15, 96, 127-

128, 133-134, 142-143, 205-206
ULs and, 13, 120-121, 130-131
univariate, 76-77, 209

Dose-response assessment, 13, 114, 121,
124, 256

E
Energy intakes

bias related to, 164
cut-point method applied to, 81, 88-89,

212, 224
and dietary intake measurements, 152,

153, 160
and DRIs, 149-150, 163
group-level assessments, 132

group mean intake, 103, 132
household-level assessments and, 232-

233, 234, 235
inappropriate measures for, 15, 81, 88-

89, 143, 224
phosphorus and, 63-64
and population level assessments, 236,

237
requirement correlation, 81, 87, 88-89,

212
weight as measure of, 66-67, 69
within-person variability, 95, 156, 193-

194
Error. See Measurement error
Estimated Average Requirements (EARs)

adjustments to, 148, 149-150
AIs compared, 59, 109, 163, 198
coefficient of variation, 50-51, 56, 194,

196
context for use, 23
criteria of adequacy, 23, 27
cut-point method, 9, 74, 81-93, 99, 102,

104, 191, 208-231, 257
defined, 3, 23, 50, 256
dietary intake distribution adjustments,

53n.1, 54, 56, 93-102
in food and nutrition assistance

programs, 39
in group-level assessment, 4, 8-9, 10-11,

12, 73-105, 130-131, 204
group-mean intakes and, 12, 103-104
in individual-level assessments, 4, 5-6,

46, 50-51, 52-58, 59, 67, 68, 69, 185,
186-197

median vs. mean intake, 23 n.1
by nutrient and life-stage group, 268-

269
probability approach, 8-9, 74, 76-81,

83-84, 88-89, 91, 205-208, 209, 212,
213, 229, 231

rationale for term, 23 n.1
and RDA, 23, 24, 25, 54, 56, 103
research needs, 16-17, 162-163
risk of inadequacy, 24
standard deviation of intake for

individual, 24, 52-53, 54, 195-196
uncertainty in, 27, 159-160
uses, 30, 42
variability related to, 50, 159-160

Expected risk of inadequacy, 206
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F
Fat, 193-194
Fiber, dietary, 193-194
Fluoride

AIs, 25, 107, 108, 109, 246-247, 274
distribution of usual intake, 121
group-level assessments, 10-11, 82-83,

108
prevalence of inadequate intakes, 10-

11, 73, 110
prevalence of excess intakes, 14-15,

131, 142-143
ULs, 115, 131, 270

Folate
EARs, 14-15, 129, 269
FAO/WHO requirement, 22
food fortification, 42
group-level assessments, 10-11, 82-83,

108, 131-132
individual-level assessments, 68, 191,

192
and neural tube defects, 26, 27, 69
and pregnancy planning, 69
prevalence of inadequate intakes, 14-

15, 130, 131-132, 142-143
RDAs, 129, 131-132, 275
risk of excessive intake, 14-15, 121,

124, 142-143
subgroup differences, 14-15, 142-143
supplement intake distribution, 121,

124
ULs, 14-15, 117, 271
usual intake by children, 129, 130, 131-

132
within-subject variation in intake, 191,

192
Food and Agriculture Organization/

World Health Organization, 22, 89,
91, 229-231, 232-233, 234

Food and nutrition assistance programs,
34-35, 39, 166

Food balance sheets, 236-237
Food composition data, 17, 152, 154, 157,

160, 164
Food consumption

household data, 104
patterns, 32-33, 152

Food disappearance data, 104, 157, 236-
237, 255-256

Food-frequency questionnaires, 49, 58,
151-152

Food Guide Pyramid, 33, 38, 157
Food guides, 32-33, 38, 58
Food labeling and nutritional marketing,

36-37, 41
Food product development, 36-37, 42
Food safety considerations, 36-37, 42
Food Stamp Program, 35, 39, 133-139
Food use data, 235-236
Fortification of foods, 26

household-level assessment and, 234-
235

mandatory in U.S., 42
measuring nutrient intakes from, 164-

165
RDAs and RNIs used for, 36-37, 39, 42
and ULs, 26, 124, 125, 201
voluntary, 42

G
Gender, within-subject variation in

nutrient intake by, 191-194
Group diets, 30
Group-level assessments

adjusting intake distributions, 9-10, 93-
102

AIs used in, 4, 12, 106, 109-112
applications of DRIs in, 4, 7-13, 14-15,

127-143
asymmetrical requirement distribution,

89-91, 212, 229-231
binary variables used for inadequacy,

140
collection of dietary intake data for, 9,

94, 96
counting individuals with inadequate

intakes, 9, 74, 75, 102, 110
cut-point method, 9, 74, 81-93, 99, 102,

110, 191, 204, 208-231, 257
data other than intakes used in, 73, 89,

99
day-to-day variability in intake and, 9,

94-95, 96, 97-98, 102, 139
differences in nutrient intakes, 132-140
distribution of usual intakes, 94, 99-

102, 155
EARs used in, 4, 8-9, 10-11, 73-105,

130-131, 204
evaluating dietary survey data, 132-143
inappropriate approaches, 102-104
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independence of intakes and
requirements, 81, 83-84, 85, 86, 88

individual-to-individual variation of
intakes and, 8, 93, 94, 95, 96, 134

joint distribution in, 83-84, 85, 86, 204,
208, 209, 213

mean intakes and, 12, 103-104, 134,
138-139

observed mean intakes and, 12, 96, 97
prevalence of excessive intakes, 14-15,

42, 130, 131, 142-143, 154-155
prevalence of inadequate intakes, 8,

12, 73-74, 76-81, 86, 87-89, 94, 99,
101, 102, 109-110, 129-132, 135-139,
203-210, 213, 214-221, 225-226

probability approach, 8-9, 74, 76-81,
83-84, 88-89, 91, 205-208, 209, 212,
213, 229, 231

RDAs and, 4, 11, 24, 102-104, 131
requirement distribution and, 8, 11,

81, 83, 86, 89-91, 208, 209
requirement–intake correlation, 8, 9,

74, 81, 87-89, 203-204, 212-224
requirement variance relative to intake

variance, 11, 12, 83, 86, 91-93, 212,
224-229

research recommendations, 16-17, 165-
167

skewed intake distribution and, 95-96
survey data and, 10, 14-15, 96, 98-102,

128-129, 132-143
ULs used in, 4, 13, 120-124, 130-131
units of observation, 104
usual intakes and, 7, 8, 9, 76-77, 81, 83-

84, 85, 96, 97
within-person variation in intakes and,

9, 10, 94-95, 96
Group mean intakes

AIs and, 6, 12, 107, 108, 110, 111, 131
defined, 258
EARs and, 12, 103-104, 131
and group-level assessments, 12, 14-15,

103-104, 131, 134, 138-139
RDAs and, 12, 103, 128

H
Health claims, 41
Hospital patients, menu planning for, 41
Household inventories, 153

Household-level assessments
adequacy of nutrient intakes, 233-234
application, 234-235
defined, 257
dietary data used in, 104, 156-157, 235-

236
food energy, 232-233
household requirement and, 232-233,

234
nutrients, 233-235
population of households, 233

I
Inadequacy of nutrient intake, 187, 205,

257
Indicators of nutrient adequacy, risk

reduction-based, 2, 23, 27
Individual-level assessments

AI used in, 4, 6-7, 46, 51, 58-62, 67, 68,
69, 194, 198-200

applications of DRIs in, 4, 46, 66-69
in assisted living setting, 66-67, 68
biological parameters considered, 47,

66, 67, 69
choosing reference standard for, 50-51
confidence of adequacy, 6, 56-57, 60,

64-65, 67, 68, 189-190, 197, 199,
200

confidence of safety, 199, 201
day-to-day variability in intake and, 5,

6, 45, 48-49, 50, 51, 52, 54, 55-56,
60, 186, 187, 188, 191-196

dietary intake data for, 49-50, 54
distribution of daily intakes and, 61-62,

190, 198-199, 201
EAR used in, 4, 5-6, 46, 50-51, 52-58,

59, 67, 68, 69, 185, 186-197
implementation of approach, 193-195
lifestyle information, 69
limitations of methods, 45-46, 195-197
measurement of dietary intake and,

47, 48-50, 51, 54, 56, 58, 67, 187
observed intakes and, 5, 6, 49, 50, 51,

66, 185, 188
observed mean intakes and, 5-6, 37, 45,

48-50, 51, 52, 55, 58, 60-61, 62, 63,
67, 185, 186, 188

precision of, 46-47
in pregnancy planning context, 67-69
probability of inadequacy, 5
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proposed new method, 46-66
qualitative interpretation of intakes,

62, 65, 68
RDAs and, 4, 6, 46, 51, 54, 56, 57, 68, 69
requirement differences and, 5, 6, 45,

46, 50-51, 57-58, 186, 188, 190
research recommendations, 165
statistical foundations, 185-202
supplement use and, 7, 62, 63, 65-66,

201-202
types of information required for, 47,

66, 67, 69, 186
ULs used in, 4, 7, 46, 51, 62-66, 67, 68,

69, 199, 201-202
uncertainty in, 45, 51, 188-189, 201
usual intakes and, 5, 7, 45, 46, 47, 48-

50, 51, 52, 58, 59-60, 64, 185-186,
187

z-test, 6, 189, 198-200, 201
Infants, AI derivation for, 25, 107, 109,

110, 239-240
Institutional dietary assessment and

planning
for hospital patients, 41
RDAs and RNIs used in, 36-37, 39, 40,

41
requirement variance greater than

intake variance, 91-93, 228-229
Interindividual variability, defined, 257
Intraindividual variability. See also Within-

person variation in intakes
defined, 257

Iowa State University method, 98-102, 160
Iron, 22, 42, 46, 50-51, 57, 67, 80, 81, 89,

91, 149, 158, 191, 192, 197, 212,
230

J
Joint distribution of intake and

requirement
collecting data on, 76
cut-point method, 83-84, 85, 86, 204,

208, 209, 213
defined, 257
estimation of, 203-204, 209
probability approach, 77

L
Life-stage groups. See also Adolescents;

Adults; Children; Infants; individual
nutrients

AIs of nutrients by, 107-109, 240-253
categories, 183
and derivation of DRIs, 149, 181
EARs of nutrients by, 268-269
ULs of nutrients by, 115-119, 270-271

Lifestyle information, 69
Likelihood

of adequacy, 233
defined, 258

LOAEL, 114, 115-119, 121, 122, 258
Log normal distribution, 91, 229-231
Long-term care facilities, 91-93

M
Magnesium

distribution of usual intake, 121, 191,
192

EARs, 268
group-level assessments, 10-11, 82-83,

108, 129
individual-level assessments, 53-57,

191, 192
prevalence of inadequate intakes, 10-

11, 142-143
prevalence of excess intakes, 14-15,

131, 142-143
RDAs, 274
risk of excessive intakes, 14-15, 63
supplement intake distribution, 124
ULs, 115, 130, 270

Malnutrition, 26
Mean intake. See also Group mean intakes;

Observed mean intakes
regression-adjusted differences in, 135

Mean requirement, defined, 258
Measuring dietary intakes

bias in, 17, 164
bioavailability considerations, 157-158
chronic illness and, 156
eating practices and, 152, 156
encouraging accurate reporting, 153-

154
energy intake and, 152, 153, 160
food composition data and, 17, 152,

154, 157, 160, 164-165
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for group-level assessments, 97-98
for individual-level assessments, 47, 48-

50, 51, 54, 56, 58, 67, 187
instruments for, 16, 17, 49, 150, 151-

153, 164
life circumstance considerations, 156
memory probes and cues, 154
physiological considerations, 16
portion size considerations, 152, 154,

160
research recommendations, 17, 163-

165
seasonality/periodicity considerations,

155-156
supplement use, 17, 150, 154-155, 164
systematic variations and, 155-156, 160
unit of measurement and, 158, 165
unit of observation and, 156-157
variance in, 160-161

Measurement error
defined, 257
in individual nutritional assessment,

57-58
influence on assessment results, 147
minimizing, 147, 150-158
model, 97-98
within-person variation in intake, 49-

50, 58
Military food and nutrition planning and

policy, 34-37, 39
Multiple regression analyses, 133, 134-140,

166

N
National Health and Nutrition

Examination Survey, 58, 65, 99,
155, 164, 166, 195-196, 199

National Research Council method, 93-94,
97-98, 100

National School Lunch Program, 35
Neural tube defects, 26, 27, 69
Niacin

bioavailability, 158
EARs, 50, 149, 150, 197, 268
energy intake and, 149, 150
group-level assessments, 10-11, 82-83,

108, 129, 130, 131
individual-level assessments, 48, 191,

192

prevalence of excess intakes, 14-15,
142-143

prevalence of inadequate intakes, 14-
15, 142-143

RDAs, 275
risk of excessive intakes, 14-15, 142-143
supplement intake distribution, 121,

124
ULs, 117, 122, 124, 271
units, 158

NOAEL, 114, 115-119, 121, 122, 258
Normal distribution, defined, 258
Normative storage requirement, 22
Nutrient assessment of groups. See Group-

level assessments
Nutrient assessment of individuals. See

Individual-level assessments
Nutrient content claims, 41
Nutrient density approach, 208, 234-235
Nutrient equivalents, 158
Nutrient intakes. See Observed intakes;

Observed mean intakes; Usual
intakes of nutrients

Nutrient–nutrient interactions, 63
Nutrient requirement. See also Distribution

of requirements; Standard
deviation of requirements

average/mean, 74, 75, 77, 207
correlated with usual intakes, 8, 81, 87-

89, 212-224
criterion of nutritional adequacy, 22
CV, 83, 187
defined, 22, 47, 258, 259
household-level, 232-233, 234
independence of usual intakes, 81, 83-

84, 85, 86, 88
and intake variance, 5, 11, 47, 83, 86,

91-93, 161, 205, 212, 224-229
nutrient intake compared, 5, 47, 52
per capita, 237
uncertainty for individuals, 5, 6, 45, 46,

50-51, 57-58, 165-166, 186, 188,
189, 190

variance of, 11, 83, 86, 91-93, 161, 205,
212, 224-229, 234

Nutrition education, 32-33, 35-36, 37, 38,
39, 42

Nutritional Standards for Operational
Rations, 37

Nutritional status, 258
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O
Observed intakes, 56-57. See also

Distribution of observed intakes
defined, 185
exceeding AIs, 59-60
heterogeneous within-person variation,

95
and individual-level assessments, 5, 6,

49, 50, 51, 66, 185, 188
settings appropriate for measuring, 66
short-term, 185
usual intakes from, 49, 50, 52, 185

Observed mean intakes
bias in, 58
computation of, 185
day-to-day variability and, 45
difference between EAR and, 188
and group-level assessments, 96, 97
and individual-level assessments, 5-6,

37, 45, 48-50, 51, 52, 55, 58, 60-61,
62, 63, 67, 185, 186, 188

qualitative interpretation relative to
AIs, 62

skewed, 95-96
and ULs, 63-64
usual intake from, 186

Osteomalacia, 107

P
Pantothenic acid

AIs, 25, 110, 248-249, 275
group-level assessments, 10-11, 73, 82-

83, 108
Performance assessment, cut-point

method, 18, 87, 102, 167, 211-231
Phosphorus

AIs, 108, 274
distribution of usual intakes, 121
EARs, 99-102, 129, 130, 131, 268
energy and, 63-64
group-level assessments, 10-11, 82-83,

99-102, 129, 130, 131
individual-level assessments, 63-65, 68,

191, 192
prevalence of excessive intakes, 14-15,

142-143
prevalence of inadequate intakes, 14-

15, 142-143
RDAs, 129, 274

risk of excessive intakes, 14-15, 121,
142-143

ULs, 63-65, 116, 130, 270
Physiological considerations, 149
Population-level assessments

defined, 258
demographically weighted averages,

233, 237, 238
dietary data used in, 104, 157, 236-237
food energy, 236, 237
nutrients, 237-238
population mean intake and, 125
prevalence of inadequate intakes, 81-

82
Potassium, 191, 192
Power transformation, 97-98
Pregnancy, 27

folate and, 69
individual-level nutrient assessment

for, 67-69
Prevalence, defined, 258
Prevalence of excess intakes, 42

usual intakes compared to UL, 14-15,
130, 131, 142-143

underestimation, 154-155
Prevalence of inadequate intakes

adjustment of intake distributions and,
94, 104

AIs and, 12, 109-110
bias in, 86, 88, 91, 99, 102, 155, 156,

160, 207, 214, 215, 216, 221-223,
224, 227

binary variables and, 140
bioavailability considerations, 157-158
by children, 130-131
comparison of two populations, 135-

139
counting approach, 74, 75
by cut-point method, 18, 86, 104, 209-

210, 213, 214-221, 225-226, 230
defined, 8, 206, 259
EAR and, 14-15, 86, 104, 130-131, 142-

143, 209-210, 213, 214-221, 225-226,
230

in group-level assessments, 8, 12, 14-15,
73-74, 76-81, 86, 87-89, 94, 99, 101,
102, 109-110, 129-132, 135-139, 142-
143, 203-210, 213, 214-221, 225-226

in individual-level assessment, 5
joint distribution of intake and

requirement and, 203-204, 208
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overestimation, 87-89, 93, 94, 102-104,
153-154

performance of methods to estimate,
18

population, 81-82, 86
probability approach to estimating, 74,

76-81, 205-208
RDAs/RNIs and, 32-33, 35, 104
standard deviation of estimates, 17-18,

158-161, 165-166
statistical approaches, 18, 76-93, 203
in subpopulations, 18, 166
uncertainty in, 158-161
underestimation, 89-93, 94, 102
usual intake distribution and, 14-15,

130-131, 135-139
zero, 90

Prison populations, 91-92
Probability approach (full)

correlation of intake and requirement
and, 8, 88-89

cut-point method compared, 208, 209,
212, 213, 229, 231

density estimation, 208
EAR calculation, 8-9, 74, 76-81, 83-84,

88-89, 91, 205-208, 209, 212, 213,
229, 231

key assumptions, 80
normal model, 208
performance of model, 208, 212
principle, 8, 232
risk curve, 77-80, 91, 124, 205-206, 208
software, 207
t model, 208
uncertainty in, 158-159

Probability of inadequacy, 56-57, 153-154,
259

Program participation, and adequacy of
nutrient intakes, 35, 39, 133-139

Protein, 91, 148, 193-194, 233
Provitamin A carotenoids, 158

Q
Qualitative assessment of nutrient intakes

AIs and, 62
individual-level, 62, 65, 68
ULs and, 65

R
Recommended daily intakes, 23
Recommended Dietary Allowances

(RDAs)
adjustments to, 26, 148, 150
AIs compared, 26-27, 59, 109, 198
as benchmarks, 40
and clinical dietetics, 36-37, 41
context for use, 23, 111
defined, 2, 3, 11, 24, 29, 102, 131, 257,

259
demographically weighted, 237, 238
derivation of, 24
and dietary data evaluation, 32-33, 38
and disease risk assessment, 36-37, 40
DRIs contrasted, 2-3, 22-23
EAR and, 23, 24, 25, 54, 56, 103
extrapolation from other age groups,

26
and food and nutrition assistance

programs, 34-35
and food guides, 32-33
and food labeling and nutritional

marketing, 36-37, 41
and food safety, 36-37, 42
and fortification of foods, 36-37, 42
and group-level assessments, 4, 11, 24,

102-104, 127, 131
group-mean intakes compared, 12,

103, 128
inappropriate use of, 11, 102-104, 127,

128, 131, 237-238
and individual-level assessments, 4, 6,

46, 51, 54, 56, 57, 68, 69
and institutional dietary assessment

and planning, 36-37, 40
and military food and nutrition

planning and policy, 34-37, 39
nutrients by life-stage group, 274-276
and nutrition education, 32-33
for population-level assessments, 237-

238
research needs, 16-17, 162-163
risk of inadequacy, 24
RNIs contrasted, 30
ULs and, 126
uncertainty in, 27, 126
uses, 24, 31-42
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Reference Daily Intake, 41
Reference heights and weights, 89, 181-

182, 183, 184
Research recommendations

group level assessment methods, 17-18,
165-167

improving requirement data, 16-17,
162-163

individual level assessment methods, 165
quality of dietary intake data, 17, 163-

165
Riboflavin

AIs, 275
EARs, 268
energy intake and, 149
group-level assessments, 10-11, 82-83,

108, 129, 130, 131
individual-level assessments, 68, 191, 192
prevalence of inadequate intakes, 14-

15, 142-143
RDAs, 275

Rickets, 107
Risk

defined, 259
of excess, 260
of exposure, 260
of inadequacy, 24, 59, 205-206, 260
weighted average of, 206

Risk assessment
defined, 259
disease, 36-37, 40
for ULs, 13, 24, 25, 62, 113-114, 120-125

Risk curve, 77-80, 91, 120, 124, 163, 260
and distribution of usual intakes, 78-

80, 121, 205-206, 208
Risk-reduction based indicator of nutrient

adequacy, 2, 23, 27

S
Sample size considerations, 98-99
Sampling weights, 96, 133
School Breakfast Program, 35
Selenium, 10-11, 14, 82-83, 108, 116, 129,

130, 131, 142, 269, 271, 276
Sensitivity analysis, defined, 260
Single-endpoint approach, 3-4, 22
Skewed distribution

adjusting, 46, 61-62, 95-96
defined, 260

of nutrient requirements, 46, 50-51,
57, 67, 80, 81, 89-91, 197, 207, 212,
229-231

of observed intakes, 56, 61-62, 95-96,
190, 196, 197, 201

of usual intakes, 95-96, 209
Sodium, 191, 192
Special Supplemental Nutrition Program

for Women, Infants, and Children.
See WIC program

Standard deviation
of difference between mean observed

intake and EAR (SDD), 52-54, 68,
188, 192-193

EAR and, 24, 52-53, 54, 195-196
of intakes, 53-56, 58, 60-61, 64-65, 68,

187-188, 191-196, 199-201
mean intake and, 65
pooled from large surveys, 53, 54-55,

58, 64, 65, 195-196, 198-199, 200,
201-202

in prevalence estimates, 74, 158-161, 212
by vitamin or mineral, 191-192
within-person, 6, 51, 52-53, 54, 56, 68,

191-195
z-test, 6

Standard deviation of prevalence of
nutrient inadequacy

collection of intake data and, 160-161
EAR-related, 159-160
for individuals, 46, 52-53, 54-56, 58, 60,

61, 195-196
sampling variability and, 159

Standard deviation of requirements, 1
CV estimates and, 57-58, 194, 197
and group-level assessments, 52, 58,

74, 93, 212, 225-227
incorrect specification of, 197
for individual-level assessments, 52, 53,

54, 68, 188, 194, 197
population, 186
RDA computation, 24

Standardized predicted intake, 136-137
Subpopulations

distribution of usual intakes in, 14-15,
132-139, 142-143

prevalence of inadequacy in, 18, 166
Summer Food Service Program, 35
Supplement use

and adjustment of DRIs, 149
averaging over time, 155
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and distribution of usual intakes, 155,
164

and group-level assessments, 95
in hospitals, 41
and individual-level assessments, 7, 62,

63, 65-66, 201-202
in military operational conditions, 39
quantifying intakes from, 17, 150, 154-

155, 164
and ULs, 7, 26, 62, 63, 65-66, 122-125,

155-156, 201-202
Surveys. See Dietary survey data; individual

surveys
Symmetrical distribution

defined, 260
of nutrient requirements, 74, 77, 81,

190, 205n.1, 207, 208

T
t model, 208
t tests, 133, 137
Thiamin

AIs, 274
EARs, 268
energy intake and, 149, 150
group-level assessments, 10-11, 82-83,

108, 129, 130, 131
individual-level assessments, 68, 191, 192
prevalence of inadequate intakes, 14-

15, 142-143
RDAs, 274

Threshold, 260
Thrifty Food Plan, 35, 39
Tolerable Upper Intake Levels (ULs)

chronic intakes above, 63, 125, 126
context for use, 113, 120, 124
critical adverse affect, 115-119
defined, 3, 25, 62, 114, 125, 261
derivation of, 26
dose-response assessment, 13, 114, 121,

124
in food and nutrition assistance

programs, 39
food fortification and, 26, 124, 125, 201
and food guides, 38
food safety considerations, 42
frequently asked questions, 125-126

in group-level assessments, 4, 13, 120-
124, 130-131

in individual nutritional assessment, 4,
7, 46, 51, 62-66, 67, 68, 69, 199,
201-202

LOAEL/NOAEL, 114, 115-119, 121,
122, 258

nutrients, by life-stage group, 115-119,
270-271

population mean intake and, 125
qualitative interpretation of intakes

relative to, 65
rationale for term, 25
RDAs and, 126
research recommendations, 163
risk assessment approach, 13, 24, 25,

62, 113-114, 120-125
supplement use and, 7, 26, 62, 63, 65-

66, 122-125, 154-155, 201-202
theory and definitions, 113-120
type of intake and, 7, 62, 114, 120-121,

124, 202
uncertainty factor, 13, 27, 114-120,

122, 202, 261
uses, 23, 30, 42
usual intake distributions and, 13, 120-

121, 130-131
vulnerable subpopulations, 114, 124

Toxicity, defined, 260
True prevalence, 261

U
Uncertainty

in adequacy of nutrient intake, 186,
188-189

in cut-point method, 158-159
in DRIs, 27
in EAR, 27, 159-160
in individual-level assessment, 45, 51,

188-189, 201
in nutrient requirements, 5, 6, 45, 46,

50-51, 57-58, 165-166, 186, 188,
189, 190

Uncertainty factor, 13, 27, 114-120, 122,
202, 261

United Nations University, 233, 234
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Units of observation. See also Group-level
assessments; Household-level
assessments; Individual-level
assessments; Population-level
assessments

defined, 261
and measuring dietary intakes, 156-157

Univariate distribution
defined, 261
of usual intakes, 76-77, 209

Unmixing algorithm, 97
U.S. Department of Agriculture

dietary guidelines, 32-33, 38
food plans, 35, 39
food use data adjustments, 235
Nutrient Database for Standard

Reference, 157
U.S. Department of Defense, 39
Usual intakes of nutrients, 1. See also

Adjusting intake distributions;
Distribution of usual intakes

and AI, 46, 59-60, 110, 126
average, 74, 75
confidence levels, 6, 56, 64-65
correlated with requirements, 8, 81,

87-89, 212-224
defined, 93, 185-186, 261
descriptive analyses of, 133-134
and EARs, 14-15, 130-131
estimation challenges, 49
group-level assessments, 76-77, 81, 83-

84, 85, 96, 97, 130-131
independent of requirement, 81, 83-

84, 85, 86, 88
individual-level assessment, 5, 7, 45, 46,

47, 48-50, 51, 52, 58, 59-60, 64, 185-
186, 187

mean of, 74
number of days needed to estimate, 6,

48-49, 187
from observed intakes, 49, 50, 52, 185
from observed mean intakes, 97, 186
obtaining information on, 48-50, 58
random error in, 58, 164
and ULs, 7, 64
variance of, 11, 83, 161

V
Variance in dietary assessment. See also

Within-person variation in intakes
collection of intake data and, 94, 160-

161
in day-to-day intakes, 5, 53, 60, 94
in distribution of nutrient

requirement, 8, 53n.1, 162-163, 188
in distribution of observed intakes, 94
in distribution of usual intakes, 93
EAR-related variability, 50, 159-160
measurement error, 98
representative subsamples of groups,

158
sampling variability, 159
standard deviation of prevalence

estimates, 158-161
Vitamin A, 22, 46, 49, 56, 63, 67, 95, 191,

192, 197, 200
Vitamin B6, 10-11, 14, 82-83, 99-102, 108,

117, 122, 126, 129, 130, 131, 142,
191, 192, 269, 271, 275

Vitamin B12, 10-11, 14, 15, 22, 46, 63, 67,
82-83, 108, 129, 130, 131, 142, 143,
149, 191, 192, 200, 269, 275

Vitamin C, 10-11, 14, 46, 48, 56, 63, 67, 82-
83, 108, 118, 121, 129, 130, 131,
142, 191, 192, 197, 269, 271, 276

Vitamin D, 10-11, 15, 51, 68, 73, 82-83,
107, 108, 110, 118, 131, 143, 149,
244-245, 270, 274

Vitamin E, 10-11, 14, 46, 56, 63, 67, 82-83,
108, 116, 121, 124, 129, 130, 131,
142, 164, 191, 192, 197, 269, 271,
276

W
Weight history, 67, 69
WIC program, 34-35, 39
Within-person variation in intakes

adjusting intake distributions for, 9,
94-95, 96, 196-197

asymmetrical, 56
of cholesterol, 193-194
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computation of, 195-196
and group-level assessment, 94-95
heterogeneous, 95
and individual-level assessment, 5, 6,

45, 48-49, 50, 51, 52, 54, 55-56, 60,
186, 187, 188, 191-196

large, 94-95
by macronutrient, 193-194
pooled estimate of, 50, 54-55, 65, 195-

196, 202

sociocultural factors, 156
standard deviation, 6, 51, 52-53, 54, 56,

68, 191-196, 202
by vitamin or mineral, 191-192

Z
z-test, 6, 189, 198-200, 201
Zinc, 158, 191, 192
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FOOD AND NUTRITION BOARD, INSTITUTE OF MEDICINE—
NATIONAL ACADEMY OF SCIENCES
DIETARY REFERENCE INTAKES:
ESTIMATED AVERAGE REQUIREMENTS

Life Stage Phosphorus Magnesium Thiamin Riboflavin Niacin
Group (mg/d) (mg/d) (mg/d) (mg/d) (mg/d)a

Children
 1–3 y 380 65 0.4 0.4 5
 4–8 y 405 110 0.5 0.5 6

Males
 9–13 y 1,055 200 0.7 0.8 9
 14–18 y 1,055 340 1.0 1.1 12
 19–30 y 580 330 1.0 1.1 12
 31–50 y 580 350 1.0 1.1 12
 51–70 y 580 350 1.0 1.1 12

> 70 y 580 350 1.0 1.1 12
Females

 9–13 y 1,055 200 0.7 0.8 9
 14–18 y 1,055 300 0.9 0.9 11
 19–30 y 580 255 0.9 0.9 11
 31–50 y 580 265 0.9 0.9 11
 51–70 y 580 265 0.9 0.9 11

> 70 y 580 265 0.9 0.9 11
Pregnancy

≤ 18 y 1,055 335 1.2 1.2 14
 19–30 y 580 290 1.2 1.2 14
 31–50 y 580 300 1.2 1.2 14

Lactation
≤ 18 y 1,055 300 1.2 1.3 13
 19–30 y 580 255 1.2 1.3 13
 31–50 y 580 265 1.2 1.3 13

NOTE: This table presents Estimated Average Requirements (EARs), which serve two
purposes:  for assessing adequacy of population intakes, and as the basis for calculating
Recommended Dietary Allowances (RDAs) for individuals for those nutrients.  EARs
have not been established for calcium, vitamin D, fluoride, pantothenic acid, biotin, or
choline, or other nutrients not yet evaluated via the Dietary Reference Intake (DRI)
process.

a As niacin equivalents (NE).  1 mg of niacin = 60 mg of tryptophan.
b As dietary folate equivalents (DFE).  1 DFE = 1 µg food folate = 0.6 µg of folic acid
from fortified food or as a supplement consumed with food = 0.5 µg of a supplement
taken on an empty stomach.
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ESTIMATED AVERAGE REQUIREMENTS 283

Vitamin B6 Folate Vitamin B12 Vitamin C Vitamin E Selenium
(mg/d) (µg/d)b (µg/d) (mg/d) (mg/d)c (µg/d)

0.4 120 0.7 13 5 17
0.5 160 1.0 22 6 23

0.8 250 1.5 39 9 35
1.1 330 2.0 63 12 45
1.1 320 2.0 75 12 45
1.1 320 2.0 75 12 45
1.4 320 2.0 75 12 45
1.4 320 2.0 75 12 45

0.8 250 1.5 39 9 35
1.0 330 2.0 56 12 45
1.1 320 2.0 60 12 45
1.1 320 2.0 60 12 45
1.3 320 2.0 60 12 45
1.3 320 2.0 60 12 45

1.6 520 2.2 66 12 49
1.6 520 2.2 70 12 49
1.6 520 2.2 70 12 49

1.7 450 2.4 96 16 59
1.7 450 2.4 100 16 59
1.7 450 2.4 100 16 59

c As α-tocopherol. α-Tocopherol includes RRR-α-tocopherol, the only form of
α-tocopherol that occurs naturally in foods, and the 2R-stereoisomeric forms of
α-tocopherol (RRR-, RSR-, RRS-, and RSS-α-tocopherol) that occur in fortified foods
and supplements. It does not include the 2S-stereoisomeric forms of α-tocopherol
(SRR-, SSR-, SRS-, and SSS-α-tocopherol), also found in  fortified foods and supplements.
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FOOD AND NUTRITION BOARD, INSTITUTE OF MEDICINE—
NATIONAL ACADEMY OF SCIENCES
DIETARY REFERENCE INTAKES:
TOLERABLE UPPER INTAKE LEVELS (ULa)

Life Stage Calcium Phosphorus Magnesium Vitamin D Fluoride
Group (g/d) (g/d) (mg/d)b (µg/d) (mg/d)

Infants
 0–6 mo NDe ND ND 25 0.7
 7–12 mo ND ND ND 25 0.9

Children
 1–3 y 2.5 3 65 50 1.3
 4–8 y 2.5 3 110 50 2.2

Males, Females
 9–13 y 2.5 4 350 50 10
 14–18 y 2.5 4 350 50 10
 19–70 y 2.5 4 350 50 10

> 70 y 2.5 3 350 50 10
Pregnancy

≤ 18 y 2.5 3.5 350 50 10
 19–50 y 2.5 3.5 350 50 10

Lactation
≤ 18 y 2.5 4 350 50 10
 19–50 y 2.5 4 350 50 10

a UL = The maximum level of daily nutrient intake that is likely to pose no risk
of adverse effects.  Unless otherwise specified, the UL represents total intake
from food, water, and supplements. Due to lack of suitable data, ULs could not
be established for thiamin, riboflavin, vitamin B12, pantothenic acid, biotin, or
any carotenoids. In the absence of ULs, extra caution may be warranted in
consuming levels above recommended intakes.
b The ULs for magnesium represent intake from a pharmacological agent only
and do not include intake from food and water.
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Niacin Vitamin B6 Folate Choline Vitamin C Vitamin E Selenium
(mg/d)c (mg/d) (µg/d)c (g/d) (mg/d) (mg/d)d (µg/d)

ND ND ND ND ND ND 45
ND ND ND ND ND ND 60

10 30 300 1.0 400 200 90
15 40 400 1.0 650 300 150

20 60 600 2.0 1,200 600 280
30 80 800 3.0 1,800 800 400
35 100 1,000 3.5 2,000 1,000 400
35 100 1,000 3.5 2,000 1,000 400

30 80 800 3.0 1,800 800 400
35 100 1,000 3.5 2,000 1,000 400

30 80 800 3.0 1,800 800 400
35 100 1,000 3.5 2,000 1,000 400

c The ULs for niacin, folate, and vitamin E apply to synthetic forms obtained
from supplements, fortified foods, or a combination of the two.
d As α-tocopherol; applies to any form of supplemental α-tocopherol.
e ND = Not determinable due to lack of data of adverse effects in this age group
and concern with regard to lack of ability to handle excess amounts.  Source of
intake should be from food only to prevent high levels of intake.
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